DOCUMENT  RESUME 


ED  221  674 
TITLE 

INSTITUTION 


SPONS  AGENCY 
PUB . DATE 
NOTE 

EDRS  PRICE 
DESCRIPTORS 


Aircra 
Curric 
Educat 
Air  Fo 
Chanut 
Nation 
Educat 
Office 
78 

579p. 


CE  033  643 

ft  Electrical  Repairman,  2-1,  Military 
ulixm  Materials  fo^  Vocational  and  Technical 
ion, 

rce  School  of  Applied  Aerospace  Sciences, 
e  AFB,  111*;  Ohio  State  Univ*,  Columbus, 
al  Centet  for  Research  in  Vocational 
ion,  ^ 
of  Education  (DHEW) ,  Washington,  D.C. 


MF03/PC24  Plus  Postat[e, 

*Air  Transportation;  Ajatoinstructional  Aids; 
Behavioral  Objectives;  Electrical  Occupations; 
♦Electrical  Systems;  *Electricians;  Electricity; 
Electronics;  Individualized  Instruction;  Learning 
Activities;  Pacing;  Postsecondary  Education;  *Repair; 
Safety;  Secondary  Education;  Textbooks;  Trade  and 
Industrial  Education;  Workbooks 
IDENTIFIERS         Military  Curriculum  Project 

ABSTRACT  '  - 

This  three-volume  textbook  and  three  student 
workbooks  for  a  secondary-post secondary  .level  course  in  aircraft 
electrical  repair  comprise  one  of  a  number  of  military-developed 
curriculum  packages  selecfted, f or  adaptation  to  vocational  instruction 
and  curriculum  development  .in  a  civilian  setting.  The  purpose  stated 
for  the  individualized,  self7paced  course  is  to  provide  the  theory 
part  of  on-the-job  training  to  upgrade  an  apprentice  (semi-skilled) 
worker  to  a' specialist  (skilled  level)  /  The- course  contains  basic 
information  and  some  supervisory  training  but  requires  that  the 
student  have  background  in  basic  electricity  and  electronics.  Volume 
1  (seven  chapte-rs)  covers  flight-line  Saiety,  ms^jor  aircraft  systems 
and  electrical  rtaintenance  arid  inspection,  portable  test  equipment, 
electrical  circuit  functions;  solid  State  control  circuits,  and 
application  of  electron  tubes.  Volume  2  (six  chapters)  discusses 
aircraft  batteries  ajid  servicing  equipment,  power  system  test 
equipment,  DC  generator  systems,  transformer-rectifier  power  systems, 
AC  generatoi:  sy£5tems,  and  motors  and  inverters.  Volume  3  (six 
chapters)  cover?,  J^anding  gear  and  associated  systems,  flight  control 
elactrijg^l  systems,  warning  circuits,  fuel  systems,  power  plant  and 
related  control  cixcuits,  and  utility  systems.  Ilorkbook  contents 
include  objectives,'^t:hapt^3f' review  exercises  and  answers,  and  volume 
review  exercises*  (YtB) 
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Vocational  Education  Military  Curriculum  Project  for  dissem- 
ination to  ,the  six  regional  Curriculum  Coordination  Centers  and 
other  instructional  materials  agencies .    The  purpose  of 
disseminating  tliese  couiSes  was  to  make  ciorriculum  materials 
developed  by  .the  military  more  accessible  to  vocational 
educators  in  the  civilian  setting. 

The  course  materials  were  aogiiLred,  evaluated  by  project 
staff  and  practitioners  in  the  field,  and  prepared  for  \ 
disserdnation.    Materials  v^ch  were  specific  to  the  rilitary 
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curriculum  resource  materials  v^ch  can  be  adapted  to  support  . 
vocational  instruction  and  'curriculum  development. 
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an  activity^to  increase  the  accessibility  of 
rnililary  d^Veloped  curriculum  rnaterials  to 
vocational^nd  technical  educators. 

This  project,  funded  by  the  U.S.  Office  of 
EducatidSfi,  includes  the  identification  and 
acquisition  of  curriculum  materials  in  print 
form  ff^m  the  Coast  Guard.  Air  Force, 
Arnv/,  Iplarine  Corps  and  Navy, 

Access/to  military  curriculunt  materials  is 
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Course  Description 

J      This  courses  designed  as  the  theory  part  of  on  the-job  training  io upgrade  an  Apprentice  (semiskilled)  worker  to  a  Specialist  Ukilied)  level.  It  contains 
basic  mformetion  and  some  supervisory  training,  but  raquires  thit  the  student  have  background  m  basic  electricity  and/or  electronics  * 

This  course  contains  three  volumes  accompanied  by  studint  workbooks  and  supplemental  diagrams. 

Volume  1      -       Aircraft  E/octncsi  Systems  and  Circuit  Qparatior)  contains  seven  chapters  covering  flighi  line  safety  for  the  electrician. 

major  aircraft  systems  and  electrical  maintenance  and  inspectiorT.  p<>ttable  test  equipment  for  the  electrician,  electrical 
circuit-functions,  solid  state  control  cwpuits,  and  application  of  electron  tubes.  The  chapter  on  a  mamtenanofe  organiz- 
ation was  daleted>be<;ause  it  referred  to  specific  military  procedures.  1  - 

Aircraft  Powar  Systems  contains  six  chapters  discussing  aircraft  batteries  and  servicing  equipment,  power  system  test 
equipment.  DC  generator^stems,  transformer-rectifier  power  systems,  AC  generatory  systems,  and  motors  and  inverters 

Aircraft  Control  and  Warning  Systems  coinains  six  chapters  covering  landing  gear  and  associated  systems,  flight  control 
electrical  systems,  warning  circuits,  fiAl  syj^em^^wer  plant  and  related  control  circuits,  and  utility  systems. 

Each  of  the  chapters^contains  objectives,  readings,  review  ixericses  and  answers,  and  volume  review  exercises.  The  course  was  designed  for  student 
self-study^and  evaluation  in  a  shop  or  on-the-job  learning  situation. 
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Prefoeo 

« 

* 

TN  THIS  FIRST  volume  of  Course  42351,  we  begn  in  Chapter  1  with  a  disn 
cussion  of  a  typical  maintenance  organization.  This  is  a  very  important  chapter 
because  it  points  out  the  overall  mission  of  an  aircraft  electrical  maintenance  ac- 
tivity. You  will  also  learn  about  yo;ir  job,  as  well  as  that  of  an  aircraft  electrical  . 
repair  technician  and  the  aircraft  electrical  superintendent^  Related  area  re- 
sponsibilities and  training  ace  also  presented  in  this  chapter. 

Chapter  2  is  intended  to  provide  youx  with^a  general  knowledge  of  the  hazards  to 
safety  that  you  wiU  encounter  in  your  day-to-day  work,  both  on  the  flight  line  and 
in  the  shop. 

Chapter  3  provides  the  5-skill  level  knowledge  requirements  related  to  fluids, 
lubricants,  color  cocies  applicable  to  fluids  and  lubricants,  aircraft^familiarization, 
switches,  relays,  and  protective  devices.  The  chapter  continues  with  a  discussion 
of  the  skills  required  to  identify,  select,  and  prepare  aircraft  wiring,  connector 
plugs,  and  terminak  for  aircraft  installation.  The  use  of  special  tools  required  to 
perform  wire  maintenance  is  described.'  The  requirements  for  installation  and 
inspection  of  aircraft  wiring,  conduit  *T*  boxes,  bus  bars,  bonding,  and  emergency 
^  repair  of  aircraft  wiring  are  discussed.,  Finally,  the  requirements  related  to  the 
selectioi^and  use  of  structural  hardware  and  the  types  and.  uses  of  safety  wire  are 
discussea*  *  >  < 

Since  a  great  deal  of  your  ddties  a^  ^-.electrician  require  you  to  make  accurate 
measurement  of  the  values  in  .  electrical  circuits,  .Chapter  4  discusses  measuring 
devices.  This  chapter  briefly  reviews  meter  principles  and  explains  the  steps  and 
procedures  in  the  operation  and  me  of  mi^^meters,  frequency  meters,  oscilloscopes, 
electron  tube  testers,  and  the  Wheatstone  bridge. 

Chapter  5  serves  as* a  brief  review^of  electrical  principles.^  It  starts  with  a  brief 
discussion  of  the  natiire  of  matter  and  the  basic  laws  of  magnetism.  The  electro- 
magnetic field  and  the  generation  of  ,an  elccu-omagneticjorce^are  also  discussed. 
Chapter  5  also  shows  you  how  to  compute  thb  various  values  of  the  3ine  waye. 
In  many  ways,  this  chapter  serves  to  introduce  material  that  is  expanded  upon  later 
in  the  course.       '  •;  ^  . 

Chapter  6  is  entitled  "Electrical  Circuit  Functions."  As  an  aircraft  electrician, 
you  must  know  the  basic  relationships  betweni:  voltage,  current,  and  resistance  or 
unpedance.  This  chapter  shows  you  how  to  analy:pe  electrical  circuits  of  all  types, 
both  AC  and  DC,  regardlw^  of  how  these  circuits  are  connected.  As  a  result*  of 
the  knowledge  you  will  gam  in  this  chapter,  the  problem,  of  troubleshooting  should 
become  much  easier  for  you. 

Chapter  7  provides  you  with  the  necessary  background  knowledge  to  understand 
the  operation  of  solid  state  control  circuits.  The  coverage  in  this  area. includes 
a  discussion  of  transformers,  magnetic  amplifiers,  transistors,  and  basic  svatching 
circuits.  The  foundation  you  gain  from  this  material  will  help  you  understand  the 
more  advanced  circuitry  presented  in  Voluntie  2  and  Volume  3« 

Ui 


The  final  chapter  in  this  volume  reviews  the  basic  operation  of  electron  tubes; 
After  this  review  the  chapter  discusses  electronic  power  supplies  and  amplifier 
circuits.  Since  the  aircraft  electrician  is  required  to  troublcshoot,  or  repair,  dec-, 
tronic  equipment,  it  is  vital  that  you  become  familiar  with  amplifiers  and  power 
supplies.  These  components  are  used  in  a  great  many  aircraft  systems  as  well  as 
shop  test  equipment. 

iMgures  44-101  can  be  found  print<^  and  bound  in  the  back  of  this  volume  on 
foldouts  1  thru  7.  Whenever  you  are  referred  to  one  of  these -figures  in  the  text, 
please  turn  to  back  of  the  volume  and  locate  it  on  the  fold6ut. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this 
text,  or  recommendations  for  its  imprqvement,  send  them  to  Tech  Tng  Cen 
(TSOC),  Chanute  AFB,  Illinois  61868.  - 

If  you  have  questions  on  course  enrollment  or  adrainistrationf  or  on  any  of 
Ed's  instructional  aids  (Your  Key  to  Career  Development,  Study  Reference 
Guides,  Chapter  Review  Exercises,  Volume  Review  Exercises,  and  Course 
Examination),  consult  your  education  officer,  training  officer,  or  NCO,  as  ap- 
propriate. If  he  can't  answer  your  questions,  send  them  to  ECI,  Gunter  AFB, 
Alabama  36114,  preferably  on  ECI  Form  17,  Student  Request  for  Assistance. 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of 
April  1970. 

Volume  1  is  valued  at  5l  hours  (17  pointe).  x 
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COURSE 
I  NO. 

42351. 


CARES)  naOS  policies.  PnOCECXJRES  AND  EQUIPMENT  CHANGE.  AL-SO  EKRORs 
OCCASIONALLY  GET  INTO  PRINlf.   IHE  RXLO\;.NG  ITEMS  UPDATE  AND  CORRECT 
YOUR  COURSE  MATBIIALS.  PLEASE  MAKE  THE  INDICATED  CHANGES. 


J  EFFECTIVE  DATE 
I  OF  SHIPPING  UST 
30  Apr  7.6 


1.    CHANGES  FOR  THE  TEXT:    VOLUME  1 

t 

a.  Page  7,  para  2-16,  line  17:    Change  the  word  "then"  to."t\ian." 

b.  Page-  9,  para  2-30^  line  10:    Ghange  "Guide  for  Planning  an^  Conducting 
OJT"  to  "On-the-Job  Training." 

c.  Page  11,  para  2-31,  line  2:  Change  "Regulation  50-26"  to  "Manual  50-23." 
liine  3:    Delete  the  words  "Functional  Responsibilities  for." 

d.  Page*  62,  para  11-79,  line  10:    Change  "turned"  to  "tuned." 

e.  Page  115,  Figure  HOB:    Change  "if  to  "IT",  "il"  to  "U",  and  "i2"  to 
"12." 

f.  Page  122,  Figure  119:  Change  "VB8"  to  "VBB." 

g.  Page  124,  Figure  122A:    Reverse  the  polarity  of  the  battel^  7^,^. 

h.  Page  152,  Bibliography,  Une  2:    Change  the  date  "20  Hay  J968"  to  "25 
February  1972."    Line  3:    Change  the  title  of  the  manual  to  read  On-the-job 
TralS."    Change  the  date  "23  October  1967"  to  "1  March  1972."    Line  U: 
BeSieen  the  word!  "AFM  T27-l6i-^a  "Accident"  add  "Industrial  Safety  ."  Change--^ 
the  date  "30  Decentf^er  1965"  to  "26  June  1970.";^  Line  5:    Delete.     Line  8^^^  Add 
"Chance  1  May  1971"  after  the  date.    Line  9:    Change  the  date    6  May  1968  to 

Srceiber'ig'oT"    Line  12:    Change  date  "15  Dece^er  1967"  to  "15  June  1970." 
Line  13:    Change  date  "15  July  1967"  to  "30  July  1971.      Line  1  :  Change 
15  5ulya969."    Line  17:    Add  "Change  10  January  1972 ."    Line  18:    Add  Change 
15  February  1969."    Line  19:    Add  "Change  15  October  1970."    Last  line :  Add 
"Change  30  November  1967." 

2.     CHANGES  FOR  THE  TEXT:    VOLUME  3  ^ 

a.  Page  39,  para  10-9,  lines  5  thruS:    Delete  the  sentence  "When  these  .  . 
to  an  engine."      «  '* 

b.  Page         col  2,  lines  11,  12  and  13:    Delete  the  sentence  "When  switch 
Nr.  13  ...  be  deenergized." 

c.  Page  45,  para  10-35,  last  line:'   Change  "23"  to  "24." 

d.  Page  83,  BibUography,  line  4:    Add  "Change  10  July  1971."    Line  6: 
Change  "19  September  1963"  to  "1  March  1968."    On  the  same  line,  add    Change  15 
April  1971."    Line  10:    Add  "Change  18  December  1969."    Line  12:    Add  Change 
31  January  1969."    Line  14:    Add  "Change  15  May  1970."    Line  16:    Add  Change 
15  February  1966."    Line  21:    Add  "Change, 15  February  1966." 
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UST  OF  CHANGES 


COURSE 
NO. 


U2351 


EFFECTIVE  DATE 
OF  SHIPPING  UST 

30  Apr  76 


CAREffi  FIELDS.  POLICIES.  PROCEDURES  AND  EQUIPMENT  CHANGE.  ALSO  Ef^l5R^' 
OCCASipNALLY  GET  INTO  PRINT.   THE  RDLLCV.'iNG  ITB^S  UPDATE  AND  CORRECT 
YOUR  COURSE  MATffllALS,  PLEASE  MAKE  THE  INDICATED  CHANGES. 


3.    CHANGES  FOR ''THE  VOLUME  WORKBOOK:    VOLUME  1  * 

a.  Page         Answers  For  Chapter  Review  Exercises,  answer  26 n  Change  to  read 
"AFM  50-23,  On-The-Job  Training/' 

b.  Page  55,  question  28:    In  the  stem  of  the  question,  change  "O-C"  to  "AC," 

c.  Page  61,  question  97:    In  the  stem  of  the  question,  change^  "changing"  to 
"charging." 

,  d.    Page  6U,  question  119:    Change  the  stem  of  the  question  to  read  "Positive 
feedback  is  useful  in."    Question  123:    In  the  stem  of  the  question,  change  "or" 
to  "of." 

e.    The  following  questions  are  no  longer  scored  and  need  not  be  answered: 
25,  52,  100  and  119. 

CHANGES  FOR  THE  VOLUME'  WORKBOOK:  VOLUME 

a.  Page  36,  Chapter  Review  Exercises,  answer  21:    Change  to  read  "Stat^  of 
charge  is  determined  by  discharging  the  battery  and  measuring  the  amount  of  ' 
discharge  to  the  cut  off  voltage." 

if 

b.  Page  36,  Chapter  Review  Exercises,  answer  22:    Change  to  read  "Nickel-^^ 
cadmium  batteries  are  charged  by  the  constant -current  method  only  .J' 

c.  The  following  questions  are  no  longer  scored  and  need  not  be  answered: 
8,  17,  25,  39,  82,  90,  92,  94,  103,  106  and  122*.       '  J 

5.    CHANGE  FOR  THE  VOLUME  WORKBOOK:     VOLUME  3        '  ~ 

The  following  questions  are  no  longer  scored  and  need  not  be  answered: 
'  13,  36,  38  and  57.  '  , 

NOTE:    Change  the  currency  date  on  all  "volumes  to  "April  1975. " 
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MODIFICATIONS 

(f^^^  ) —  J3  of  this  publication  has  (have)  been  deleted  in 
adapting  this  material  for  inclusion  in  the  "Trial  Implementation  of  a 

« 

Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
and  Technical  Education."    Deleted  material  involves  extensive  use  of 
militnry  forms,  procedures,  systems,  etc.    and  was  not  considered  appropriate 
for  use  in  vocational  and  technical  education. 


//  CHAPTIR 


Bight  Line  Safety 

STOP  AND  THINK  for  a  minute.  When  did 
you  first  Icara  about  safety?  Your  mother 
was  ^probably  your  first  safety  instructor.  She 
taught  you  not  to  chew  on  the  lamp  cord,  not  to 
touch  the  hot  stove*  and  many,  many  other 
'^ots."  As  a  cfiiia' she"  wouldn't  let  you  play 
in  the  street,  or  she  would  yell,  "get  down  from 
that  tree  before  you  fall  and  hurt  yourself.**  As 
/ou  grew  older  your  father  probably  started 
teaching  you  how  to  do  things  correctly  and 
safely.  In  addition  to  your  father,  you  heard 
safety  from  the  teachers  in  school.  If  you  stop 
to  think  about  it,  you  will  probably  hear  about 
safety  for  the  rest  .of  your  life.  While  you  are 
in  the  Air  Force,  your  safety  instructors  include 
the  people  from  the  safety  office,  your  supcr- 
.  visor,  co-workers,  signs,  lectures,  procedures 
listed  in  TOs  and  manuals,  and  this  chapter. 

2.  Instructors  alone  cannot  and  will  not  pre*^ 
„Yent  ypu  from  havings  .accident^jOnty-thinking^. 

can  prevent  accidents  and  this  thinking  must 
come  from  you.  What  thinking? — ^You  must 
THINK  and  PRACTICE  safety  at  all  times.  You 
must  think  about  safety  to  the  point  that  it  be* 
comes  an  automatic  reaction.  When  you  reach 
this*  objective,  you  become  safety  conscious  and 
take  positive  action  toward  safety. 

3.  There  are  some  people  who  refuse  to  take 
positive  action  toward  safety.  It  shows  up  in 
personal  habits  that  allow  them  to  perform  un- 
safe acts,  disregarding  the  safety  of  others.  We 
allow  these  people  an  excuse  by  saying  they  are 
"accident  prone.'*  One  such  person  is  "Al 
Lectric."  He  is  classified  as  "an  accident  looking 
for  a  place  to  happen.** 

4.  Throughout  this  CDC  you  will  see  cartoons 
of  Al  doing  what  comes  naturally,  not  following 
prescribed  safety  procedures.  You  may  think  Al 
is  a  figment  of  someone's  imagination.  He  is 
real.  Look  around  at  some  of  ypur  fellow  work- 
ers; you'll  see  him  in  action.  Don't  forget  to  look 
at  yourself.  There  is  a  little  of  Al  in  everyone. 
He  appears  whenever  we  show  disregard  foj: 
safety. 


for  the  Electrician 


S.  In  this  chapter  and  throughout  the  CDC  ' 
we  will  discuss  safety  and  you.  We  will  pdnt 
out  sodie  of  the  high  accident  rate  areas  where 
you  will  be  required  to  work.  The  areas  that  we 
discuss  are  areas  where  acadents  have  happened 
to  others.  When  it  comes  to  accidents  it  is  less 
pamful  to  learn  from  the  mistakes  of  others. 
Don*t  become  .an  accident  statistic;  THINK. 

3*  Flight  Llii«  Saf«ty 

3-1.' There  are  two  major  areas  of  concern 
on  the  flight  line;  these  are  "Al  Lectric"  and 
aircraft.  Al  can  pop  up  any  place  so  ^we  will 
concentrate  on  ^aircraft  and  let  Al  come  in  at 
his  leisure.  Really,  we  would  like  for  him  to 
retire,  and  I'm  sure  you -will  agree  after  you  have 
had  to  deal  with  him. 

3-2.  Aircraft,  as  you  know,  come  in  assorted  ^ 
types  and  sizes.  We  will  discuss  the  types  (with  \ 
reference  te  power  plant>*such  ar  reciprocating  "  , 
and  turboprop,  j^ts   and   helicopteis.  Size!!!! 
Just  remember  that  any  ,of  them  are  big  enough 
to  kill  you.  There  are  danger  areas  around  all 
of  them  and  these  areas^  concern  you.  Let's  find 
out  where  they  are  and  le^fn  to  respect  them. 

3-3.  Operating  Airjcraft  Engines*  Aircraft  en- 
gines that  are  not  running  cause  little  if  any 
hazards  to  safety.  However,  they  were  not  de- 
signed to  sit  still  but  to' propel  aircraft  either  on 
the  ground  or  in  flight.  All  engine  have  areas 
that  arie  dangerous,  so  let*s  discuss  them  briefly. 

.3-4.:  Reciprocating  and  turboprop  engines.  To 
some,  ;propeller-(pr6p)  driven  aircraft  may  seem  • 
outdated.  Nevertheless,  we  have  to  work  around 
them.;  There  is  one  area  that  you  need  to  stay 
clear  of  and  that  is  the  propeller.  Now  people 
like  Al  walk  through  the  "prop"  blades  when  the 
aircraft  is  irf  the  dock.  This  may  seem  harmless, 
but  habits  are  formed  this  way,  and  one- day  Al 
tries  it  on  the  .flight  line.  What  happens? — 
Nothing  much — except  Al  now  has  a  permanent 
part  in  his  hair.  It  even  reaches  his  belt  buckle. 
What  are  we  saying? — Props  have  no  regard  for 
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Cartoon  1.  Al^-Oround  Safety  Office. 

rank  <^  anything  else,  as  figure  6  indicates.  Treat 
them  as  though  they  arc  turning  at  1000  rpm 
all  the  time  and  you  will  be  safe.  The  next  air- 
craft menticmed  is  the  jet 

3-5.  Jet-powered  cdraraft  These  aircraft  make 
up  our  bomber  and  figntcr  forces  in  most  cases. 
Again  the  engine  of  this  aircraft  is  to  be  re- 
spected. It  is  the  biggest  vacuum  sweeper  you 
have  ever  seen.  Everything  from  safety  wire  to 
human  beings  have  been  sucked  into  jet  engines. 
Figure  7  indicates  that  25  feet  is  a  minimum 
safe  distance  around  the  intake.  Now,  yot^may 


be  a  big  man  but  you  don't,  fight  tutbine  blades 
even  at  idle  speeds.  You  can't  WIN,  so  STAY 
CLEAR  of  the  INTAKE. 

3-6.  There  is  more  than  this  about  a  jet  en- 
•gine.vThe  exhaust  will  require  a  wide  berth.  A 
good  rule  of  the  thumb  is  to  stay  at  least  200 
feet  behind  any  jet  enpne.  For  best  reisults  check 
the  maintenance  manual  for  the  danger  areas 
that  apply  to  the  aircraft  you  woric  x)n.  Figure 
7  illustrates  the  warning  areas. 

3-7.  Before  we  leave  the  jet  engine  there  is 
one  more  thing  that  is  worthy  of  mention — 
noise.  You  iave  heard  it,  Fm  sure.  If  you 
haven't,  then  you  might  take  a  trip  to  the  flight 
surgeon's  section  to  find  out  why  you  haven't 
Take  it  from.those  who  now  wear  hearing  aids, 
the  best  plafte  for  your  ear  plugs  is  in  yoiir  ean. 
Especially  when  jftu  are  on  the  flight  line  around 
noisy  equipment  Make  sure  your  car  plugs  fit, 
and  use  them. 

3-8.  One  word  of  caution  about  car  plugs. 
When  you  wear  them,  watch  where  you  walk, 
IJVhy  should  you?— What  if  thar  cnpne  is^ 
nmning? — ^Be  syre  the  eng^le  is  not  running  be- 
fore entering  a  danger  area,  ^ 

3-9.  Eadi  type  aircraft  has  its  own  peculiari- 
ties.. The  helicopter  is  definitely  a  good  example 
ol  this.  Let's  discuss  it^ow. 

3-10.  The  helicopter.  This  aircraft  can  be 
powered  by  either  a  reciprocating  or  k  jet  en- 
gine. The  helicopter  is  sometimes  referred  to  as 
a  rotary  wmg  aircraft.  These  wings  that  provide 
lift  for  flight  are  called  rotor  blades  and  are 
driven  by  the  engine.  Vou  must  be  aware  of  the 
danger  ^eas  formed  by  these  rotors.  There  are 
certain  places  within  the  rotor  path  that  will 
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Cartoon  2.   AL--Roasting  a  DucL 

allow  you  to  approach  the  fusdagc  .of  the  air- 
craft with  the  rotors  turiung.  You  need  to  know 
these  areas  before  you  attempt  to  enter  the  rotor , 
path.  Each  typth^fi6j?lcr  is  different,  so  Yrfer^ 
to  the  tcchliicarordcr  for  the  helicopter  you 
might  be  aroimd.  Air  Force  regulations  say  that 
cour  hair  must  be  neat'aild  trimmed  at  alljimes, 
but  not  •*rotor  trinamed."  Support 
barber  ami  avoid  the  rotor  p^th. 

3-ll.^N0^  let's  discuss  somejrcas^d  oper- 
ations that  are  common  to  all  types  of  aircraft. 
Th^c  may  differ  slightly  with  a  particular  aif- 
craft-  but  w^-will^-^ceep^  them  ^cncrah  enough  to 
cover  any  job  you  may  be  assigned- 

♦3-12.  The  Cockpit  Another  area  that  people 
like  Al  Lcctric  need  to  avoid  is  the  cockpit.  You 


.  see,  AJ  has  a  disease  known  as  **switchitis.''  You 
won't  find  this  word  in  the  dictidnary.  It  is  a 
term  that  describes  a  person  who  just  has  to  turn 
every  switch  he  sries  to  the  ON  position. 

3*13 .  The  modem  aircraft  cockpit,, like  a- gun, 
is  deadly  m  the  hands  of  the  inexperienced.' Lo^ 

^cated  in  the  cockpit  are  the  pontrols  for  explo- 
sives, wingtip  tanks,  canopies,  ejection  seat?,  flap 
controls,  and  landmg  gear  controls,  all  oJl  which 
are  killers.  Learn  the  cd&pit'  det^uls  ot  all  the 
ircraft  on  which  you  are  requir^  Towork.  Be 
able  to  recognize  nonstandard  ^uipment.  Know 
exactly  what  each  switch  or  lever  does.  Use  cau- 

K  tion  so  that  you  do  not  accidentally  lean  or  bn^ 
against  any  handles,  switches,  or  levers.  Never 
pull  a  handle  or  flip  a  s^tch  if  you  do  not 
,  know  what  the  results  will  be.'  You  may  be  in 
for  an  unexpected  ride.  If  you  don't  know  what 
you  are  doing,  don^'t  do  it.  THJNK  AND  LIVE. 

3-14. 'Be  aware,  ot  other  people  woridng  on 
the  aircraft.  *Esij^ecially  if  electrical  6t  pneudraulic 
power  is  applied.  If  you  acddentdly  hit  the 
wrong  switch  •at  the' wrong  time,  someone  could 
be^^ssriojjsly  ^hurt.  Many  times  you  wiU***e  re- 
quired to^t)rk  on  the  ^craft'^with  power  ap- 
plied. On*  some  of  these  occasicms,  you  may  not 
want  power  on  your  system.  If  this  be  the  case, 
ptill  the  circuit  breaker.  Don't  stop  there,  though. 
Tag  it  so  no  one  will  reset  it.  ^y  doing  this  you 
could-prcvcnt^shcyking  situation  from  happen- 
ing— to  you.  One  last  word  before  you  climb 
out  of  the  cockpit.  If  you  ever  feel  "switchitis'* 
coming  on,  get  out,  and  do  it^  the  right  way. 
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Figure  7.   Danger  area  around  jet  engine. 
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Ctitoon3.  AL— Switchitis.  * 

3-15.  mentioned  electrical  and  pneudraulic 
power  earlier,  now  we  need  to  discuss  them  fur- 
ther. ,1 

3-16.  Electrical  and  Pncodrswillc  Power,  Pneu- 
draulically  operated  and  elcctricaUy  controlled 
sysWfa^^^SfTcorimon  to  modem  aircraft  Thus, 
you  will  need  to  know  these  systems  and  the 
danger  areas  aground  thorn.  Some  of  these  sys- 
tems are  speed  brakes,  w>mb  doors,  missile  bay 
d(^rs  and  landing  gear  doors.  Most  of  these  doc^*\  aircftft.  It 

cir  full  span  of  travel  in  sccbflds,  and     wing  hits 
work  und^ressure  up  to  3000  psi.  If  you  like 
your  head,  mmds,  legs,  and  feet,  I  would  highly 
recommend  tn)|t  you  keep  them  out  of  these 
areas.  That  joWtr  with  "switchitis"  just  might  be 


in  the.  cockpit.  In  fact,  check  for  safety  pins  of 
locks  if  you  work  in  one  erf  these  areas.  What 
am  I  saying? — ^Use  your  head,  DONT  LOSE 
IT.  You  may  be  wondering  how  J^^g  gear 
doors  can  work  when  the  aircraft  is  on  the 
ground.  This  will  be  our  next  point  of  discus- 
sion, working  around  an  airo^  on  jacks. 
43-17.  Afacrafi  m  Jacks.  This  is  definitely  a 
time  when  the  brain  must  be  engaged.  An  air- 
craft on  jacks  is  unstable  at  best^  You  will  have 
occasion  to  \^ork  on  landing  gear  problems  while 
the  aircraft  is  on  jacks.  When  this  time  comes 
there  are  some  things  you  don't  do  and  live  to 
brag  about  them.  Stay  dear  of  the  wheel  wells 
and  landing  gear  doors.  In  fact,  if  you  don*t 
need  to  get  under  the  aircraft,  stay  out. 

3-18.  When  jacks  are  used  a  man  is  in  the 
cockpit  and  he  has  dirpct  communication  with 
someone  on  the  ground.  No  one  tries  to  talk 
above  flight  line  noise;  you  use  an  interphone 
(headset).  The  man  on  the  ground  is  in  position 
to  see  every .  area  around  the  aircraft  Unless 
there  is  a^  definite  reasdn,  no  one  should  dimb 
on  the  aircraft  while  it  is  on  jacks.  It  gcty-em^- 
barrassipg  when  you  have  to  «roh^  how  a^pck 
went  through  the  wing  of  a  m^Smillxjft-dollar 
0  causes  a  terrible  headache  if  that 
lecne  on  the  head,  as  it  slips  off 
the  jack,  ^ake  sure  the  right  jack  is  used  and 
check  its  coMtion,  also.  All  aircraft  jacks  have 
safety  locks.  Be  sure  they  are  used.  You  may 
think  part  of  the  things  mentioned  here  aren't 
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Figure  8.   Radar  danger  area. 
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Figure  9. 


your  responsibility.  If  this  be  the  case,  just  re- 
membej,  it  could  be  your  head  that  is  squashed. 

3-19.  I^dar  Equipment  Up  to  this  point,  we 
have  disciissed  things  that  you  could  either  see, 
smell,  hes^r,  or  feel.  Now  let  us  discuss  some 
equipmeiU  that  can  cause  many  unseen  ill  effects 
on  the  human  body.  This  is  the  radar  system.. 
Dry  steel  wool  can  be  ignited  at  100  feet  and 
photoflash  ;bulbs  have  been  fired  at  greater  dis- 
tances. Wjth  this  in  mind,  think  what  might 
happen  to  you  if  you  are  exposed  to  these  radar 
beams.  AC  at  frequencies  in  excess  of  l^KC 
can  no  longer  be  felt  but  they  leave  lasting  re- 
sults on  the  human  body.  Exposure  to  radar 
beams  can  damage  human  tissue,  particularly 
the  eyes.  For  your  own  protection  s^tay  clear  of 
operating  radar  equipment  Check  the  mainte- 
/nance  manual  for  the  aircraft  on  which  you  are 
^  working,  it  will  give  you  the  danger  areas.  Figure 
8  gives  you  a  genersd  idea  of  the  areas  to  shun. 

3-20.  N  Rfldioadtve  Material*  Nuclear  radiation 
(atomic)  is  probably  the  least  Ukely  hazard  to 
be  encountered  on  the  flight  Une.  It  might  exist, 
however,  in  the  event  an  accident  should  occur 
while  handling  one  of  these  weapons  or  if  an 
aircraft  carrying  one  of  them  should  crash.  Then, 
too,  we  might  be  required  to  perform  mainte- 
nance on  an  aircraft  that  has  been  in  a  contami- 
nated zone.  We  should  know  what  to  expect  if 
this  occasion  occurs. 

3-21.  Radiation,  basically,  consists  of  tiny 
energy  particles*  that  can  kill  you  if  you  are  ex- 
posed to  a  sufficient  quantity  for  too  great  a 
period  of  time.  Therefore,  you  will  work  under 
the  supervision  of  medical  personnel  and  a  moni- 
toring team.  Let  me  remind  you,  though,  your 
responsibility  to  yourself  and  to  the  Air  Force 
requires  that  you  stay  abreast  of  the  latest  in- 
formation concerning  radioacdve  material.  This 


'Toolbox. 

information  can  be  found  in  the  applicable  tech- 
nical orden. 

3-22.  By  tM^^time,  you  have  probablji  decided 
it  isn't  safe  at  all  on  the.  flight  Une.  Let's  put 
it  this  way,  any  place  youtmay  happen  to  be  is 
only  as  safe  as  you  make  it. 

3-  23.  This  brings  us  to  another  point  of  dis- 
cussion. When  you  mention  good  housekeeping, 
a  person  may  remember  his  mother  and  her  job 
as  a  housewife.  If  you  ^remember  right.  Mom 
had  a  place  for  everything  and  she  wanted  every- 
thing in  its  place.  Let's  see  how<this  fits  you  and 

'  your  job  in  the  flight  line  area. 

4*  Good  Hous«kMplng  and  firm  Pr«v«ntion 

4-  1.  It  has  been  truly  said  that  "cleanliness  is 
next  to  godliness."  Good  housekeeping  is  the 
neatness  and  cleanliness  that  is  necessary  for  the 
successful  performance  of  a  job.  It  is  also  much 
easier  to  prevent  a  fire  than  to  stop  one  after 
it  has  started.  In  the  following  discussion  we 
will  cover  the  points  for  which  you  are  responsi- 
ble in  both  areas. 

4-2.  Good  HoQsdceeping.  A  major  principle 
to  observe  in  maintaining  a  working  environmept 
conductive  to  safety  is  good  housekeeping.  Hav- 
ing found  it  advantageous  to  live  in  a  well-kept 
household,  you « will  also  find  it  desirable  where 
you  worL 

4-3.  One  of  the  elements  of  good  housekeep- 
ing is  the  disposal  of  waste  and  scrap.  If  floors 
or  workbenches  are  cluttered  by  such  material, 
the  chance  for  an  accident  is  increased 

4-4.  As  an  example,  some  of  the  units  that 
you  will  be  required  to  disassemble  will  have 
small  parts  which  can  be  easily  lost,  broken,  or 
mixed  with  other  parts.  To  avoid  the  loss  of  time 
while  you  hunt  or  acquire  another  part,^  keep 
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ad-is-^an  orderly  condition, 
lakes  effective  work  almost 

starting  place  for  an  acci- 
pparable  parts  should  be  dis- 
ad  put  in  the  right  places, 


ace  at  the  way  tools  are 
is  one  way  to  measure  a 
pk  at  Ggure  9.  I  am  certain 
is  yours!  Every  shop  has  a 
a  piac^yjOr  toolboxes  when  they  ard 
e.  Kec]|||^  in  place  and  keep  the  lid 
closed.  It  docs  ^  require  much  time  or  effort 
to  open  the  boxjwftcn  you  need  a  tool,  and  you 
may  prevent  s(^^6nc  from  acquiring  a  badly 
bruised  shin.  ^M<»^  shoips  will  have  a  tool  board 
to  make  spcaalU^ls  available  to  all  who  may 
need  them.  KeepL|bem  in  place.  Since  some  of 
these  tools  are  tm\t  h^avy,  get  help  or  use  a 
'Chain  hoist  if  ne^pssary  to  put  them  in  place. 

4-6.  If  your^lhop  'maintains  a  stockroom, 
cases  and  othet^|^()ods  should  be  stacked  neatly 
in  the  prescribe^  location  according  to  the  desig- 
nated hei^t.  TTbSs  will  prevent  possible  damage 
to  the  stored  ite<tt$-and  will  also  make  them  read- 
ily available.    .  i . 

4  4-7.  Good  v^tftilation  is  conducive ^to  good 
work  and  nece^ary  for  the  good  fa^pTth  and 
safety  of  perspnfu?!.  You  will  find  that  your  work 
output  drops  olf  considerably  if  you  are  uncom- 
fortably hot  or\jol4*^ot  if  there  is  a  lack  of  fresh 
air.  If  the  air  is  ifu^ty  in  your  shop,  or  if  fumes 
are  prescltt,  tcll'y^ur  supervisdi:  or  trainer.  When 
he  is  aware  of  the  conditions  dbder  which  you 
work,  he  can  take  the  necessarV  corrective  ac^ 
tion. '  7  j 

4-8.  Fire  Preventiom  Qoscly  allied  with  good 
housekeeping  and  absolutely^  necessary  for  any 


organization  is  a  smooth  vorking  fire  prevention 
system.  Remember,  the  b^st  cure  for  atny  fire  is 
to  prevent  it  by  safety  precautions.  If  a  fire  oc- 
curs, however,  be  prepared  to  put  it  out  quickly. 

4-9.  Many  fires  are  caused  by  carelessness 
and  by  poor  housekeeping.  Oily  rags  thrown  in 
a  comer  are  excellent  material  for  a  healthy  fire. 
Poor  storage  practices,  especially  of  inflammable 
materials  have  caused  fires  that  need  not  have 
been.  Overloaded  electricaj  outlets  coupled  with 

^defective  circuil  breakers  may  also  cause  a  fire. 

"Observe  also^-$hat  no  smoking  signs  were  made 
to  be  obeyed;  -lighted  cigarettes  or  matches 
thrown  in  wastepiTper  baskets  full  of  paper  are 
not  usually  put  out  by  the  fall.  Here  are  a  few 
precautions  that  you  should  observe  for  fire  pre- 
ventiai;  .you  can  add  to,  the  list  from  your  own 
experiences  or  from  warnings  that  you  have  read 
or  heard.  *  *  * 

•  Do  not  allow  oily  rags  to  accumulate. 

^  •  Obey  the  signs  in  the  NO  SMOKING  areas. 

•  Never  allow  your  clothing  to  become  satu- 
rated with  fuel  or  oil.  If  they  should  become 
that  way  accidentally,  change  your  clothing  as 
soon  as  it  is  po^ible. 

•  Do  not  permit  gasoline,  kerosene,  jet  fuel, 
.  or  any  other  inflammable  fuels  to  be  stored  in 

open  containers. 

•  Make  sure  'that  the  static  lines  are  always 
in  place  and>hat  the  aircraft  is  groimded  prop- 

ii^erly  before  you  work  on  it. 

•  Never  depbsit  cigarettes  or  matches  in  a 
wastebasket,  even  if  they  appear  to  be  out. 

•  Do  not  open  any  oxygen  valve  near  a  flame 
or  a  lighted  cigarette. 

4-10.  Since  fires  will  occur,  no  matter  how 
many  precautions  tak6n,  you  must  be  ready  to 
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4-12.  As  you  can  sec,  safety  is  everyone's  re- 
sponsibility; this  includes  you.  One  of  the  main 
motivating  factors  is  that  YOUR  llFE  is  in- 
volved. I  have  heard  people  say,  **ril  be  glad 
to  get  out  of  this  outfit,  all  they  think  about  is 
safety."  We  will  be  involved  in  safety  as  long 
as  we  live.  In  fact,  our  life  span  may  be  in  di- 
rect proportion  to  how  serious  we  take  the  safety 
program.  An  old  Chinese  proverb  says,  "Be  sure 
brain  is  engaged  before  opening  mouth."  We  can' 
apply  this  to  safety.  "Be  sure  brain  is  engaged 
before  actmg  or!!!!!!!!  What  am  I  saying?— It's 
your  head,  just  where  'do  you  want  it? 
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fight  them  quickly  and  effectively.  This  implies 
that  you  should  ktaow  the  telephone  number  of 
the  base  fire  department  and  the  location  of  the 
,  fire  extinguishen. 
^  4-11.  Tbe^  telephone  number  for  the  base  fire 
department /is  usually  posted  in  large  num- 
bers.  Tbes/" posten  are  at  intervals  in  the  shop, 
in  the  banacks,  and  on  the  flight  line.  As  a 
rule,  the  bise  telephone  boc^  has  this  number 
printed  in  large  letters  on  the  cover  page  or  on 
one  of  the  fint  pages  of  the  book.  If  alarm 
boxes  are  installed  on  your  base,  learn  where 
they  are  and  how  to  use  them. 
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Major  Aircraft  Systems  and  Electrical 
Maintenance  ond  inspection 


As  AN  AIRCRAFT  electrician,  ,  you  will  bc- 
i  come  Involved  in  the.  **electrical  repair"  of 
different  types  of  USAF  aircraft.  In  fact,  you 
may  find  yourself  working  on  several  types  within 
one  day's  time.  Therefore,  you  "will  need  to  be 
familiar  with  all  of  the  aircraft  in  the  Air  Force 
inventory.  Sounds  like  a  big  job,  huh? — ^And 
you're  right,  it  is.  In  this  chapter  we  discu^ 
many  of  the  things  that  put  you  out  front,  so  dig 
in  tod  learn. 

2.  In  the  first  section*  the  discussiod  will  cen- 
ter on  aircraft  types,  distinguishing  characteristics, 
and  aircraft  designations.  Another  section  will 
discuss  aerodynamic^  and  flight,  controls.  Don't 
let  that  I2-lttter  word  in  the  last  sentence  scare 
you*  This  is  just  another  way  of  referring  to  all 
the  forces  that  act  on  an  aircraft  in  flight.  This 
is  followed  by  a  discussion  of  the  major  aircraft 
systems. 

3.  After  discussing  what  you  work  on,  we  dis- 
cuss what  you  work  with.  In  doing  this,  we  con- 
sider such  things  lis  aircraft  servicing^materials, 
electrical  hardware,  and  handtools  that  are  pecu- 
liar to  the  electrical  field.  The  fmal  discussion 
in  the  chapter  will  cover  electrical  system  inspec- 
tions and  their  importance.  Now  let's  discuss  air- 
craft familiarization. 

5*  Aircroft  Familiarization 

5*1.  Each  year  many  people  rush  down  to  the 
new  car  dealer  to  see  what  the  new  models  look 
like.  They  want  to  know  what  equipment  is 
standard  and  what  is  optional.  They  look  for  * 
any  detail  that  can  help  them  fix  this  new  model 
in  *their  mind.  The  aircraft  electrician  that  plans 
to  be  counted  with  the  best  must  have  the 
same  attitude  toward  aircraft'  Does  this  include 
you?  I'm  sure  it  docs  so  we  will  start  our  dis- 
cussion with  the  types  of  aircraft. 

5-2.  Types  of  Aircraft  Today*s  Air  Force  has 
many  missions  to  perform.  Each  mission  requires 


a  special  type  aircraft,  one  that  is  specifically  de- 
signed  to  meet  mission  needs.  Space  prohibits' 
a  discussion  of  individual  aircraft;  therefore,  we 
will  discuss  major  aircraft  types. 

5-3.'  Bomber.  JTiese  aircraft  are  equipped 
with  powerful  jet  enpnes,  and^arries  a  bomb, 
load  comparable  to  its  missioiL  Some  can  fly 
faster  than  the  speed  of  sound  and  at  very  high 
altitudes.  These  might  be  referred  to  as  medium- 
range  bombers.  Some  Have  provisions  for  in- 
flight refueling,  thus  giving  them  long-range  flight 
capabilities. 

5-4.  Fighter,  These  aircraft  can  be  powered 
with  either  a  radial  or  jet  engine.  Most  of  them, 
however,  are  jet.  Fighters  are  used  to  engage 
the  enemy  in  the  air  and  on  the  ground.  To 
accomplish  this  mission,  they  must  be  fast,  ma- 
neuverable,  and  carry  heavy  fire  power.  The  lat- 
est type  fighters  can  perform  at  supersonic 
speeds.  Their  fire  power  may  consist  of  rapid 
fire  machine  guns,  cannons,  or  rockets  that  are 
equipped  with  homing  devices.  Some  have  in- 
flight refueling  capabilities  for  long-range  mis- 
sions. 

5-5.  Transport.  This  aircraft  is  sometimes  re- 
ferred to  as  a  cargo  plane  and  is  just  the  opposite 
to  the  fast-moving  bomber  or  fighter.  Transports 
are  sturdy,  relatively  slow  flying,  with  the  capa- 
bility to  carry  heavy  loads  over  long  distances. 
Their  wings  are  usually  thick,  with  a  fuselage 
large  enough  to  allow  loading  of  heavy  freight 
and  vehicles. 

5-6-  Helicopter.  This  aircraft  is  unfamiliar  to 
many  people.  However,  to  the  jet  fighter  who 
has  been  downed  in  enemy  territory,  it  is  a  beau- 
tiful sight  to  see  the  "ole  chopper"  hovering  over 
him.  This  aircraft  is  the  most  versatile  type  made. 
It  can  fly  in  any  direction  without  changing  its 
compass  heading.  In  the  Air  Force  helicopters 
arc  primarily  used  for  search  and  rescue.  Some, 
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Figure  10.   Conventional-wing  aircnft. 

however,  have  fircfighting  capabilities,  and  other 
branches  of  the  military  use  them  as  cargo  and 
gunships. 

5-7.  The  helicopter  is  easy  to  recognize  be- 
cause of  its  relative  slow  speed  and  whirling  ro- 
tor blades.  However,  you  only  get  a  glimpse  of 
some  of  the  others  mentioned,  so  we  need  to  dis- 
cuss their  distinguishing  characteristics. 

S-8.  Distingaishing  Characteristics.  The  design 
of  the  wing  is  one  of  the  most  prominent  fea- 
tures of  an  aircraft.  You  will  find  that  it  is  much 
easier  to  recognize  all  types  of  aircraft  if  you 
are  aware  of  the  b^c  wing  design.  From  the 
following  discussion  you  wiU  see  that  the  wing 
Hcsign  will  vary  with  the  mission  of  the  aircraft. 

5-9.  Conventional  Wing,  Many  types  of  air- 
craft have  the  conventional  wing.  Since  the 
construction  is  similar  in  all  conventional  types, 
'  we  shall  discuss  only  one  of  these  aircraft,  the 
C-13lTThe  C-131  has  a  low-mounted  wing  that 
is  equitapered  and  blunt  tipped,  as  shown  in  fig- 
ure 10.  The  large  engine  nacelles  protrude  well 
forwarc  of  the  wing's  leading  edge.  The  rounded 
nose  aid  a  steppcd-up  cockpit  are  features  of 


the  forward  fuselage,  while  the  aft  fuselage  tapers 
evenly  to  a  pointed  tail  cone.  Both  horizontal 
and  vertical  stabilizers  are  equitapered  and  blunt 
tipped. 

5-10.  Swept  Wing,  Bombers  'and  fighters 
usually  have  swept-wing  type  construction.  The 
B^52  is  an  example  of  a  sweptback  wing  that  is 
very  noticeable.  The  aircraft  is  powered  by  eight 
jet  engines,  as  shown  in  figure  11.  These  engines, 
two  in  a  pod,  arc  slung  under  the  wings  on  short, 
pylons.  The  large  horizontal  stabilizer  is  also 
sweptback  and  tapered  with  a  squared-off  tip  that 
empiiasizes  the  overall  angularity.  This  overall 
angularity  and  the  large  size  are  the  B-52's  most 
distinguishing  features. 

5-11.  Delta  Wing.  Another  wing  type  aircraft 
is  the  B-58.  The  wing  has  a  delta-shaped  design 
^  that  curves  downward  at  the  leading  edge.  This 
curve  increases  near  the  tips,  which  gives  the 
wing  an  apparent  droop  appearance.  The  B-58*s 
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Figure  11.   Swept-wIng  aircraft. 
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Figure  12.   Delu-wing  aircraft. 

four  engines  are  inclosed  in  pods.  They  are  slung 
under  the  wings  and  are  staggered  well  forward 
of  the  wmg^s  leading  edge,  as  shown  in  figure  12. 
The  large  hump  on  the  topside  of  the  extremely 
'slender  fuselage  is  cau^  by  the  three  separate 
cockpit  hatches.  This  kind  ci  fuselage  is 
sharply  pointed  at  the  nose  and  tail  cone.  The 
use  of  a  horizontal  stabilizer  is  ^immatftrf  by 
having  '*eIevons''  in  the  delta  wing's  trailing  edge. 
These  '"elevons"  do  the  combined  woric  of  the 
elevator  and  aileron.  All  6f  these  will  be  cov- 
ered in  a  later  paragr^h. 

5-12.  Just  as  you. have  an  IJ>.  or  serial  num- 
ber, so  dbes  each  aircraft  in  the  ^Air  Force.  A 
qiiick  look  at  how  aircraft  are  identified,  other 
tnan  just  construction  features,  is  in  order  at  this 
time.  V 

5-13.  Aircraft  Designadons.  The  various  types 
of  aircraft  used  by  the  Air  Force  are  identified 


by  a  combination  of  letters  and  numbers  called 
aircraft  designations.  Each  letter  and  number, 
or  combination  of  letters  and  numbers,  indicates 
important  information  about  a  particular  aircraft. 
Thus  aircraft  designation  identifies  each  aircraft; 
as  well  as  its  mission,  using  the  letter  and  num- 
ber system.  An  example  of  this  would  be 
RB66B,  53-412. .  This  aircraft  was  originally 
designated  as  a  homher,  but  what  does  each  Ict^ 
ter  and  nmnber  tell  us  about  it? 

•  R  -  Reconnaissance.  This  indicates  the  cur- 
rent use  of  the  aircraft.  It  also  (in  (his  case)  in- 
dicates that  the  original  design  has  been  modi- 
fied. 

•  B  -  Bomber.  This  indicates  ori^nal  mis-  ^ 
sion-design  of  aircraft 'and  normally  would  be  the 
first  letter  of  designation. 

•  66  -  Aircraft  model  number,  meaning  the 
number  of  bomben  the  Air  Force  has  tested  for 
its  mission. 

•  B  -  Series  at  the  basic  aircraft  In  this  case, 
it  indicates  the  first  modification  of  the  basic  se- 
ries. 

•  53  -  Hscal  year  that  procurement  for  this 
aircraft  was  authorized. 

•  412  -  Serial  number.  This  does  not  mdi- 
cate  the  numbc|r  ol  aircraft  manufactured,  but  is 
an  Air  Force  assigned  number.  * 

5-  14.  A  complete  coverage  for.  aircraft  desig- 
nation is  located  in  AFR  66-11.  However,  the 
previous  example  gives  enough  information  for 
you  to  figure  out  all  the  common  designations. 

6.  A«ro<tynamic5  and  Flight  Control 

6-  1.  Now  that  you  have  a  good  idea  what  ^if^ 
craft  in  general  look  like,  we  will  discuss  what 
makes  them  fly.  You,  as  an  electrician,  wiU  be 
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Figm  13.  Typical  airfoil 
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Figure  14.  Four  forces  acting  on  the  airfoil 

required  to  maintain  the  trim  system  that  trims 
an  aircraft  around  its  three  axes.  Therefore,  you 
must  be  able  to  fly  the  aircraft  mentally  even 
though  not  physically.  example,  what  does 
the  pilot  mean  by  experiencing  a  now-heavy  con- 
dition throughout  flight?  What  system  would  you 
adjust  to  correct  this  trouble?  Let's  see  if  we 
can  answer  these  two  questions. 

6-2.  Prindplei  of  Flight  In  order  for  you  to 
better  understand  your  job,  it  is  necessary  that 
you  have  a  good  fundamental  background  of  the 
principles  of  flight  No  dpqbt  man  got  the  idea 
of  flight  froin  watching  the  birds  soar  gracefully 
overhead.  His  early  attempts  at  flight,  for  the 
most  part,  were  fantastic,  and  often  fatal.  It  boils 
down  t6  the  fact  that  man,  in  his  earty  attempts, 
didn't  Icnow  enough  about  aerodynamics.  First, 
let  us  review  the  characteristics  an  airfoil  and 
the  forces  acting  upon  it  in  flight 

6-3.  Airfoils,  T^gure  13  illuitratcs  a  typical 
airfoil.  You  will  note  that  the  two  ends  of  the 
airfoil  differ  in  af^arance*  The  end  that  faces 
into  the  wind  in  flight  is  called. the  leading  edge 
and  is  rounded,  while  the  other  end,  the  trailing 
edge,  is  tapered  and  narrow.  A  reference  line 
often  used  in  discussing  an  airfdl  is  the  chord, 
a  straight  line  drawn  through  the  airfoil  connect- 


ing  the  farthermost  points  of  the  leading  and 
trailing  edges.  The  distance  from  this  chord  line 
to  the  upper  and  lower  surfaces  denotes  the  , 
amoimt  of  upper  and  lower  camber  (curvature). 

6-4.  Aerodynamic  forces.  With  an  understand- 
ing of  the  structure  of  an  airfdl,  let  us  take  up 
thTl&ar^erodynanuc  forces  acting  upon-an-air^ — 
craft  These  forces  are  lift,  drag,  weight,  and 
thrust.  The  ////  of  the  airfoil  acts  perpendicular  " 
to  the  direction  of  the  relative  wind.  The  weight 
(or  gravity)  acts  vertically  downward  from  the 
center  of  gravity  of  the  aircraft.  Thn4St  is  the 
force  which  moves  the -aircraft  forward  during 
flight,  and  drag  is  the  resistance  of  the  atmos- 
phere to  the  aircraft's  forward  motion.  When 
the  aircraft  is  in'a  level  unaccelerated  flight,  the 
lift  equals  the  force  at  gravity,  and  the  thrust  is 
equal  to  the  force  ci  dizg. 

6-5.  Ingure  14  illustrates  how  the  four  forces 
that  determine  flight  actually  cancel  each  other. 
The  upper  view  shows  two  forces,  lift  and  drag. 
At  the  same  time  that  the  lift  force  pulls  the 
airfoil  up,  the  resistance  of  the  airfdl  (di^g)  pulls 
the  wing-  backward.  The  resultant  action,  conse- 
quently, is  not  just  a  straight  backward  motion; 
it  is  a  combinaticMi  ot  both.  In  the  center  view, 
the  other  two  forces — thrust  and  weight— cause 
the  sdrfoil  to  have  just  the  opposite  movement 
The  thrust  causes  the  airfoil  to  mofe  forward, 
but  the  weight  (gravitation  pull)  causes  the  airfoil 
to  fall  toward  the  earth.  The  resultant  airfoil 
motion  is  a  combination  of  these  two  motions;  it 
is  forward  and  downward.  Putting  these  forces 
together  produces  the  motion  shown  in  the  bot- 
tom view  of  figure  14.  As  you  will  note,  the 
forces  act  in  different  directions  and  cancel  each 
other.  •  If  the  force  of  lift  is  as  great  as  weight, 
the  airfoil  neither  rises  nor  falls  (climbs  or 
dives).  If  the  thrust  is  as  great  as  the  force,  of 
drag,  the  airfoil  does  not  move  either  f^er  or 
slower  but  moves  at  a  constant  speed.  To  go 
faster,  we  merely  increase  the  thrust  over  drag 
and  the  aircraft  acceleratesc^  Then,  when  the' 
thrust  and  drag  again  equalize,  the  aircraft  no 
longer  accelerates,  but  moves  ahead  at  'a  faster 
constant  speed. 

6-6.  While  we  are  reviewing  the  prindples  d 
flight,  we  will  consider  two  laws  which  combine 
to  make  it  possible  for  an  airfoU  to  support  (lift) 
a  heavy  weight  in  air.  The  first  law  can  best  be 
illustrated  by  holding  your  hand  out  of  the 
window  of  a  moving  automobile.  As  you  in-^ 
clme  your  hand,  the  force  of  the  air  against  your 
hand  has  a  tendency  to  move  it.  The  airfoil 
(your  hand  in  this  case)  deflects  the  wind.  This 
action  creates  a  dynamic  pressure  on  the 
lower  surface  of  your  hand,  forcing  it  upward 
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Hgore  15.   Axes  of  the  aircraft. 


and  backward.  The  second  law  is  that  of  the 
Venturi  tube  principle.  When  an  airfdl  moves 
through  the  air,  both  the  airfoil  shape  and  the 
airfoil  angle  of  attack  relative  to  the  wind  cause 
the  air  to  be  deflected.  The  deflecticm  com- 
presses the  air  bdovjr  the.  airfoil,  ^hich  causes  a 
high  pressure  area  under  the  surface.  The  air 
traveling  across  the  upper  siurfacc  of  the  airfoil 
must  travel  a  longer  distance,  which,  consc-  • 
quently,  causes  the  speed  of  the  air  across  the 
upper  surface  to  increase.  This  increase  in  ve- 
locity of  the  air  produces  an  area  of  low  pressure 
next  to  the  upper  surface  of  the  airfoil.  In  this 
manner  a  pressure  differential  is  created. 

6-7.  The  difference  in  air  pressure  between 
the  bottom  and  top  erf  the  airfoil  ^vcs  the  lift. 
As  the  speed  of  the  airflow  increases,  the  pres- 
sure differential  acting  on  the  airfoil  also  in- 
creases. As  already  mentioned,  drag  is  the  re- 
^tancc  of  the  atmosphere  to  the  aircraft's 
forward  motion,  and  th^  drag  will  always  act  par- 
allel to  the  relative  wind. 

6-8.  The  relative  wind  is  the  direction  of  the 
airflow  with  respect  to  the  airfoil.  K  an  airfoil  is 
movmg  forward  horizontally,'  the  relative  wind 
moves  rearward  horizontally.  If  the  airfoil  is  mov- 


ing  forward  and  downward,  the  relative  wind 
moves  rearward  and  upward.  The  angle  of  at- 
tack of  an  airfoil  directly  controls  the  distribution 
of  pressure  above  and  below  it.  . 

6-9.  The  angle  of  attack  can  be  defined  as  the  « 
angle  between  the  chord  of  an  airfoil  and  the 
direction  of  the  relative  wind.  Actually,  you 
could  not  continue  to  travel  in  level  fU^t  and 
maintain  the  same  angle  of  attack  if  you  m- 
creased  your  airspeed;  the  airfoil  lift  would 
increase  an^  the  aircraft  would  climb.  Fpr  each 
angle  of  attack,  each  aircraft  has  a  definite  speed 
at  which  it  will  fly  straight  and  level.  To  main- 
tain the  constant  lift  force  which  balances  the 
weight  in'  straight  and  level  flight,  the  airfoil  ve- 
locity must  be  decreased  as  the  angle  of  attack 
is  increased. 

6-10.  Thus  far  we  have  discussed  an  aircraft 
ir  straight  and  level  flight;  what  happens  if  it 
turns?  What  happens  if  it  climbs  or  dives?  To 
wiiat  are  these  movements  referenced?  These 
are  good  questions,  and  the  answers  will  help  you 
become  a  better  aircraft  electridan. 

6-11.  Aircraft  flight  axes.  There  are  three 
axes  about  which  an  aircraft  may  turn.  When- 
ever an  aircraft  changes  its  attitude  in  flight  in 
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Fipuc  16.   Fli^t  control  surfaces  on  in^aircraft. 


respect  to  the  ground  or  any  other  fixed  object, 
it  must  turn  about  one  or  more  of  its  axes.  These 
axes  are  imaginary  lines  passing  through  the  air- 
craft's center  of  gravity.  At  the  center  of  gravity 
each  axis  is  perpendicular  to  the  other  two.  Rg- 
ure  15  illustrates  the  axes  of  the  aircraft. 

6-12.  The  longitudinal  axis  extends  from  the 
nose  to  the  tail  through  the  center  of  gravity. 
Movement  ai^oimd  this  axis  is  called  roll.  The 
lateral  axis  extends  from  wing  tip  to  wing  tip 
through  the  center  of  gravity,  CG.  Movement 
around  this  axis  is  called  pitch.  The  vertical  axis 
passes  vertically  through  the  CG  and  movement 
around  this  axis  is  called  yaw. 

6-13.  The  names  roll,  pitch,  and  yaw  are  used 
in  describing  the  motion  about  an  aircraft's 
axes.  These  were  originally  nautical  terms.  They 
have  been  adapted  to  aeronautical  terminology 
because  of  the  similarity  ot  motion  between  aa 
aircraft  and  a  ship.  Consequently,  the  modon 
about  the  longitudinal  axis  is  caUed  rolL  Modon 


about  the  lateral  axis  is  called  pitch,  which  is 
similar  to  .the  pitching  motion  of  a  ship  as  it  plows 
through  a  heavy  s(a.  Hnally,  an  aircraft  moves 
about  its  vertical  uds  in  a  motion  called  yaw, 
deviating  from  its  course  in  an  angular  motion 
such  as  you  woulc  use  in  sculling  a  boat. 

6-14.  What  oauses  the  aircraft  to  move  around 
these  axes?  That  is  a  good  question.  The  next 
few  paragraphs  will  answer  it  for  you. 

6-lS.  Flight  Control  Snrfaccs.  When  you  drive 
an  auto,  I'm  sure  you  know  what  happens  as 
^ou  tium  the  steering  wheel.  Do  you  know  what 
happens  when  a  pilot  moves  the  control  stick  to 
the. right?  Can  you  picture  in  your  mind  what 
actually  turns  the  aircraft  to  the  right?  To  an- 
swer these  questions,  you  must  know,  tbo  actions 
of  control  surfaces,  of  the  akcraft  To  malce  these 
actions  easier^  to  understand  let's  bre^  these 
surfaces  into  two  categories,  primary  and  secon- 
da^  flight  controls.  These  ^  shown'  in  figure 
16. . 
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6-16.  Primary  flight  control  surfaces.  Roll, 
pitch,  and  yaw  (the  motions  an  aircraft  makes 
around  its  longitudinal,  lateral,  and  vertical  axes) 
are  controlled  by  the  three  main  control  surfaces. 
Roll  is  produced  by  the  ailerons  located  on  the 
trailing  edge  of  the  wings  or  by  spoilers  located 
on  the  upper  surface  of  the  wing.  Pitch  is  ef- 
fected by  the  elevators,  the  rear  portion  of  the 
horizontal  tail  assembly.  Yaw  is  controlled  by 
movement  of  the  rudder^  the  rear  portion  of  the 
vertical  tail  assembly.  You  should  remember 
that  an  aircraft  often  rotates  about  all  three  axes 
at  the  same  time.  You  can  see  a  good  example 
of  this  when  an  aircraft  accomplishes  a  climbing 
turn.  Coordinated  movements  of  ailerons  or 
spoilers,  elevaton,  and  rudder  cause  the  aircraft 
to  make,  in  one  turning  movement,  rotations 
about  the  longitudinal,  lateral,  and  vertical  axes. 
You  must  keep  in  mind  that  on  some  types  of 
tircraft  the  elevators  and  ailerons  are  combined, 
and  generally  referred  to  as  elevons.  This  is* 
particulariy  true  of  delta-shaped-wing  type  air- 
craft 

6-17.  The  ailerons  control  the  movement  of 
the  aircraft  about  the  longitudinal  axis.  There 
are  two  ailerons,  one  at  the  outer  trailing  edge 
of  each  wing.  Moving  the  control  stick  or  wheel 
to  lower  the  aileron  on  one  wing  raises  the  aileron 
on  the  other  wing.  The  wing  with  the  lowered 
aileron  goes  up  because  of  its  increased  lift;  the 
wing  with  the  raised  aileron  goes  down  because 
of  decreased  lift.  The  movement  of  either  aileron 
is  aided  by  the  simultaneous  and  opposite  move- 
ment of  the  aileron  on  the  other  wing.  When  you 
apply  pressure  toward  the  flight  of  the  control ' 
stick,  the  left  aileron  goes  down?  and  the  ri^t 
aileron  comes  up,  rolling  the  aircraft  to  the  right. 
Down  movement  of  the  left  aileron  changes  the 
wing  camber  and  increases  the  angle  of  attack. 
The  ri^t  aileron  moves  upward  to  change  the 
camber;  this  results  in  a  decreased  angle  of  attack. 
Thus,  decreased  lift  on  the  right  wing  and  in- 
creased lift  on  the  left  wing  causes  a  roll  and  re- 
sults in  a  bank  to  the  right. 

6-18.  Wing  spoilers  may  be  used  to  reduce 
speed  or  for  control  in  place  of  ailerons.  Fc^ 
example,  in  level  flight,  spoilers  may  be  used  as 
a  spetd  brake  to  reduce  speed  for  a  high  rate 
of  descent  or  simply  to  slow  down  the  aircraft 
During  landing,  spoilers  may  be  used  to  spoil 
effective  extra  lift  created  by  the  flaps  so  that 
landings  can  be  accomplished  on  relatively  short 
runways.  Also,  wing  spoilers  may  take  the  pladb 
of  ailerons.  They  may  be  moved  individually, 
and  cause  one  wing  to  go  down  because  of  its 
decreased  lift,  which  results  in  a  roll  or  turning  of 
the  aircraft  on  its  lateral  axis. 


6-19.  The  elevators  control  aircraft  movement 
about  the  lateral  axis  and  produce  the  motion 
known  as  pitching.  They  may  form  the  rear  part 
of  the  wing  assembly  on  delta-wing  aircraft,  or 
tiiey  may*be  part  of  the  horizontal  tail  assembly 
and,  thereby,  free  to  move  up  and  down.  Like 
the  ailerons  which  are  fastened  to  the  trailing 
edge  of  the  wing,  the  elevators  are  also  hinged  to 
a  flxed  or  movable  surface  horizontal  stabilizer. 
On  some  aircraft,  the  horizontal  stabilizer  itself 
acts  as  an  elevator.  Together,  the  stabilizer  and 
elevators  form  a  single  airfoil;  and  a  change  in 
position  of  the  elevators  changes  the  camber  of 
the  airfoO,  increasing  or  decreasing  the  lift.  Like 
the  ailerons,  the  elevators  are  actuated  through 
the  control  stick  or  wheel.  .Pushing  tiie  stick 
forward  caiuses  the  elevators  to  go  down.  This 
action  brings  the  tail  up  and  the  nose  down, 
which  causes  a  dive.  Pulling  the  stick  bade 
causes  the  elevators  to  move  up.  This  fcyces  the 
tail  downward  and  the  nose  upward  into  k  climb. 

6-20.  The  rudder  controls  .the  movement  of 
the  aircraft  about  its  vertical  axis  and  pAxluces 
the  motion  known  as  yaw.  The  rudder  is  a 
movable  surface  hinged  to  the  vertical  stabilizer. 
Rudder  action  is  very  much  like  elevator  action, 
except  that  it  moves  in  a  different  plane.  When 
the  rudder  is  moved  to  one  side,  the  shape  of  the  ' 
airfoil  is  changed^  producing  a  horizontal  force 
opposite  in  direction  to  that  of  the  rudder  dis- 
placement The  primary  purpose  of  the  rudder 
is  to  give  vertical  stabili^  to  the  aircraft  and 
counter  the  elfects  of  adverse  yaw.  Turning  of 
the  aircraft  cannot  be  accomplished  by  the  rudder 
alone.  Displacement  of  the  rudder  by  itself 
causes  a  flat  skid.  A  coordinated  turn  is  accom-  ^ 
plished  by  banking  the  aircraft  through  tiie  use 
ot  the  ailerons  or  spoilers  and  the  rudder.  The 
aniount  of  rudder  displacement  must  be  exact  to 
prevent  slipping  or  skidding  during  the  turn. 

6-21.  Secondary  flight  control  surfaces.  The 
secondary  control  surfaces  are  the  trim  tabs,  bal- 
ance tabs,  and  servo  tabs.  These 'tabs  are  used 
to  reduce  the  foVce  required  to  actuate  the  pri- 
mary control  surfaces  and  for  trimming  and  bal- 
ancing the  aircraft  while  in  flight.  These  tabs 
are  small  airfoils  attached  to,  or  recessed  into, 
the  trailing  ejdge  of  the  primary  control  surfaces. 

6-22.  Sometimes  an  ^urcraft  is  loaded  in  such 
a  way  that  it  is  slightly  wing  heavy,  tail  heavy, 
or  nose  heavy. '  To  offset  such  unbalanced  forces, 
the  pilot  would  have  to  exert  a  constant  pressure 
on  the  control  stick  or  rudder  pedals.  To  relieve 
this  fatiguing  effort,  ailerons,  elevators,  a^d  rud- 
ders are  often  provided  with  trim  tabs.  ^ 

6-23.  Balancing  tabs  look  like  trim  tabs .  and 
are  hinged  in  approximately  the  same  places  as 
trim  tabs.  The  main  difference  between  me  two 
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Figure  17.  Hydnuli 

is  that  the  balancing  tab  is  connected  to  the 
airfoil  in  such  a  way  that  when  the  main  control 
surface  is  moved  in  any  direction^  the  tab  is 
moved  in  the  opposite  direction.  The  airflow 
striking  the  tab  counterbalances  some  of  the  pres- 
sure against  the  primary  control  surface  and  en- 
ables the  pilot  to  move  and  hold  it  in  position. 

6-24.  S^o  tabs  arc  used  primarily  on  large 
airfoiU  itJnelp  the  pilot  move  the  heavy  primary 
control  surfaces,  llie  tab  control  cables  or  rods 
are  linked  in  a  manner  that  allows  the  tab  move- 
ment to  precede  the  move^nent  of  the  main  con- 
trol surface.  This  type  of  tab  enables  the  pilot  to 
move  the  controls  ^with  considerably  less  control 
pi:essure  than  is  required  in  aircraft  of  compara- 
ble size  And  speed  without  iervo  tabs. 

6-2S.  On  late-model,  high-performance  air- 
craft, especially  fighter  type,  all  control  surfaces 
are  actuated  through  the  me  of  hydraulic  pfes-^ 
sure.  This  eliminates  the  necessity  for  assisting 
the  pilot  in  the  movement  of  the  control  surfaces 
through  the  use  of  tabs.  If  trimming  action  is 
necessary,  it  is  accomplished  by  movement  of 
the  complete  control  surface.  The  trim  system  is 
electrically  acttfated. 

6-261  The  location  of  flight  control  surfaces^ 
on  conventional-winged  and  deha-winged  air- 
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craft  is  shown  in  figure  16.  In  the  left  view, 
note  that  tabs  have  been  added  to  the  control 
surface  group.  These  tabs  are  used  in  the  man- 
ner described  earlier.  The  aircraft  shown  in  the 
right  view  has  only  three  control  surfaces.  The 
elevens  have  replaced  the  elevaton  and  ailerons, 
but  the  rudder  has  remained  the  same  in  respect 
,  to  function  and  location.  The  operation  of  flight 
control  surfaces  is  the  same  on  the  many  different 
types  of  aircraft  in  use. 

6-  27.  We  have  reviewed  the  principles  of 
flight,  the  effect  the  various  control  surfaces  have 
on  the  flight  of  the  ^craft,  and  how  an  aircraft 
is  ideiltified  by  a  combination  of  letters  and  num- 
bers. Now  let*s  discuss  the  aircraft  systems  neces- 

(^sary  for  the  safe  flight  of  the  aircraft 

7*  Major  Aircraft  Syst«nu 

7-  1.  As  an  electrician,  you  should  learn  the 
location  of  the  various  components  and  equip- 
ment on  an  aircraft.  These  items  are  not  dis- 
cussed in  any  great  detail  in  this  section;  however, 
by  studying  the  applicable  aircraft  technical 
orders,  you  can  become  familiar  with  their  lo- 
cations. One  of  the  major  control  systems  is 
the  hydraulic  system. 
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Figure  18.   Hydraulically  operated  systems. 
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Figure  19.  Liwdiog  letr  system. 
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IHgure  20.  Typica 

7-2.  Hydraalic  SystiH.  Figure  17  illustrates  an 
air-turbine-driven  hydraulic  system.  There  are  10 
independent  hydraulic  pressure  systems  (power 
packs)  located  in  the  fuselage  and  wings,  as 
shown  in  figure  17,  to  meet  the  hydraulic  re- 
quirements. Each  system  has  a  low-pressure 
warning  circuit  that  provides  a  visual  indication 
of  the  normal  pressure,,  failure.  This  warning 
circuit  is  connected  to  a  hydraulic  pump  pressure 
line  of  each  system.  In  the  event  the  turbine- 
driven  pump  is  ui^able  to  maintain  the  normal 
operating  pressure,  there  is  an  alternate  source 
of  hydraulic  pressure.  This  alternate  source  is 
powered  by  a  three-phase,  motor-driven,  AC 
pump  which  cuts  in  aut'omatically  when  system 
pressure  drops  below  a  preset  value,  f 

7-3.  Figure  18  shows  an  engine-driven  hy- 
draulic system.  This  system  consists  of  six  self- 
contained  independent  hydraulic  power  sections, 
and  it  functions  in  much  the  same  manner  as  the 
turbine-driven  system.  Some  of  the  features  of 
the  pack  system  were  retained,  but  many  were 
chopped. 

7-4.  The  hydraulic  low-pressure  warning  sys- 
tem was  modified  and  retained.  The  automatic 
standby  pump  operation  is  not  included  in  the 
engine-driven  system.  There  are  fire  shutoff 
valves  in  the  engine-driven  hydraulic  system. 


generator  drive  unit. 

They  are  controUed  by  the  engine  fire  shutoff 
switches.  The  shutoff  valves  control  the  flow  of 
hydraulic  oil  from  the  hydraulic  reservoirs  to  the 
engine  pumps,  thus  permitting  the  oil  flow  to  be 
shut  off  in  the  event  of  an  engine ^re.  When  an 
engine  fire  shutoff  valve  switch  is  pulled,  the 
valve  motor  is  energized.  This  causes  the  valve 
to  close  and  interrupt  the  flow  of  hydraulic  fluid. 

7-5.  Each  of  the  individual'  hydraulic  power 
systems  has  the  function  of  supplying  fluid  under 
pressure  to  one  or  more  hydraulically  operated 

\  aircraft  systems.  Examples  of  the  hydraulically 
Voperated  systems  are  as  follows:  the  landing 
gear,  the  wheel  brakes,  the  steering,  the  cross- 
wind  crab,  the  bomb  doors,  the  inflight  refueling, 
and  the  flight  controls,  as  shown  in  figure  18. 
Here  we  wiU  discuss  only  two  of  these  systems, 
the  landing  ^ear  and  the  brake  system. 

7-6.  The  particular  type  of  landing  gear  that 
is  shown  in  figure  19  is  referred  to  as  a  quadri- 

^  cycle  gear.  The  weight  of  the  aircraft  rests  on 
four  main  gears  positioned  at  the  comers  of  a 
rectangle  beneath  the  fuselage.  Each  of  these 
main  gears  has  dual  wheels,  providing  eight  tires 
that  support  the  load  of  the  aircraft.  The  main 
gears  are  electrically  controlled,  hydraulically  op- 
erated, and  mechanically  locked. 
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7-7.  On  the  quadricyclc  landing  gear,  the  four 
main  gcto  have  expander  tube  brakes,  and  each 
wheel  has  an  inner  and  outer  brake  assembly. 
Th8  brakes  are  operated  by  applying  toe  pressure 
to  either  the  pilot's  or  copilot's  rudder  pedals. 
To  automatically  prevent  skidding  of  the  tires 
during  the  landing  roll  of  the  aircraft,  an  antiskid 
system  is  installed.  This  system  has  individual 
skid  detectors  in  the  hubs  of  each  main  gear 
wheel  and  control  relays,  which  in  turn  control 
solenoid  valves  in  the  brake  lines.  When  a  skid 
conditio^  occurs  or  a  wheel  locks,  a  solenoid 
valve  is  actuated  to  release  brake  pressure  on  the 
skidding  wheel.  When  it  has  recovered  its  rolling 
speed,  the  solenoid  valves  arc  released,  and  the 
hydraulic  pressure  is  again  applied  to  restore 
braking  action.  Another  major  system,  as  you 
know,  is  our  own  electrical  system. 

7-8.  Electrical  System.  At  the  present,  let  us 
discuss,  in  general,  the  power  systems  you  will 
study  in  greater  detail  in  other  volumes  of  this 
course.  The  electrical  requirements  on  an  air- 
craft are  met  by  both  AC  and  DC  power  supplies 
and  distribution  systems.  For  example,  the  al- 
ternating-current power  may  be  furnished  by  AC 


generators;  each  driven  by  a  pneumati<^  turbiie 
or  direcdy  by  the  engine.  The  direct  current 
may  be  furnished  by  TR  (transformer  rectifier) 
units  which  are  powered  from  the  AC  power 
system.  The  24-volt  battery  on  the  airctaft  also 
provides  DC  when  the  main^  DC  power  is  not 
available. 

7-9.  A  typical  generator  drive  unit  -is  illu^ 
trated  in  figure  20.  This  unit  (b)  is  mounted 
on  the  engine  and  drives  the  generator  (d)  at  a 
constant  speed.  This  unit  is  sometimes  referred 
to  as  a  CSD  (constant-speed  drive).  The  CSD 
output  speed  is  regulated  by  a  governor  control 
system,  and  is  "powered  from  a  gearbox  in  the 
engine  accessory  section.  The  drive  unit  is  oil 
cooled,  as  illustrated  in  figure  20.  The  drive  oil 
cooler  (c)  is  su^)plied  from  the  drive  oil  tank  (a). 

7-10.  Each  AC  generator  has  a  voltage  regu- 
lator, as  illustrated  in  figure  21.  The  voltage 
regulator  (e)  may  be  of  a  static  type,  transistor- 
ized printed  circuit  design.  The  regulator  may 
be  essentially  a  two-stage  magnetic  amplifier 
with  multiple  control  circuits.  If  it  is/an  exciter 
type  regulator,  then  the  unit  takes-AC  pow6r 
from  the  generator  output,  rectifies  it,  and  sup- 
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Cartoon  5.    AL--tjct$  a  Blwt 

plies  this  power  to  the  Shunt  field  of  the  exciter 
generator.  This  is  required  tp  maintain  a  con- 
stant voltage  output  The  functions  performed  by 
the  regulator  are  voltage  regulation,  reactive 
load  division,  cuncnt  limiting,  and  the  rectifica- 
tion of  the  permanent  magnet  generator  power 
output. 

I'll.  The  AC  system  is  also  provided  with 
generator  control  panels  (f).  The  function  of 
each  panel  is  to  protect  the  generator  and  genera- 
tor  drive  in  case  thfc  generator  drive,  voltage 
regulator,  or  frequency  an4  load  controller  do 
not  function  to  maintain  system  operation  within 
the  required  limits.  The  generator  breaker  (c) 
and  bus  tie  breaker'Cb),  when  closed,  caus6  the 
powcr-on  lights  (a)  to  illuminate.  The  distribu- 
tion circuif  breakers  (d)  control  power  to  mdi-  . 
vidual  circuits.  You  will  study  these  components 
of  the  AC  power  system  ip  other  volumes  in  this 
course.  ' 

Kt^ms 


8.  Servicing  Materials  for  Aircraft  Sysl 

8-1.  Let's  change  gears  now  and  discuss  a  te- 
lated  area.  There  is  a  variety  of  fuels,  fluids, 
and  lubricants  used  by  the  aircraft  we  have  dis- 
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cussed.   How  these  affect  you  and  what  you 
should  know  about  them  are  the  next  points  of  . 
discussion. 

8-2.  Fael,  Fluidsj  and  Lubricants.  It  is  not  our 
ink^i  to  convert  you  to  mature  "grease  mon- 
ey.*' However,  you  will  be  a  much  better  elec- 
trician by  having  a  general  knowledge  in  this 
area. 

8-3.  Fuel.  This  is  a  liquid  that  has  been  re- 
fined or  compounded  to  meet  the  requirements 
of  a  specific  engine.  It  does  a  fine  job  of  pro- 
ducing power  when  we  use  it  in  this  manner. 
However,  when  people  like  Al  use  it  for  cleaning 
solvent  or  lighter  fiuid,  they  sometimes  get  an 
unexpected  blast. 

8-4.  Fuel  lines  are  color  coded  with  a -red 
marking  tape.  Don't  connect,  any  .wiring  to  one 
of  these.  Most  fuels  will  cause  a  skin  rash  or 
dryness  and  some  cause  lead  poison.  What  am  I 
saying?  If  at  all  possible,  keep  fuel  off  your  skin. 
The  fuel  runs  the  engine,  but  what  moves  the 
flight  controls  and  landing  gear? — That's  another 
good  question;  let's  find  an  answer. 

8-5.  Fluids  and  lubricants.  Hydraulic  systems 
-must  be  serviced  with  the  proper  fluid.  Other 
systems  need  lubrication  for  proper  operation. 
Hydraulic  fluids  are  generally  classified  as  to 
their  typo,  of  base.  For,  example,  there  is  the 
petroleum-base  fluid,  the  vegetable-base  fluid, 
and  the  new  synthetic-base  fluid. 

8-6.  Petroleum-base  ffuid  is  presently  being 
specified  as  MIL-H-5606.  It  is  dyed  red  for 
easy  identification  aiid'is  supplied  in  1-gallon 
containers,  available  in  one  grade  only.  This 
one  grade  has  an  operating  range  of  -67®  F. 
(-55°  C.)  to  +160-  F.  (71°  C).  The  ad- 
vantage of  this  wide  operating  range  is  the  ability 
of  the  fluid  to  perform  adequately  in  summer 
and  winter  temperatures.  The  seals  required 
with  the  petroleum  base  fluid  may  be  synthetic 
rubber,  leather,  or  metal  composition.  This  type 
of  fluid  is  presently  prescribed  for  use  in  most 
aircraft  hydraulic  systems. 

8-7.  Another  petroleum  base  fluid  is  presently 
known  as  MIL-O-6083A.  Fluid  6083A  is  in- 
tended for  use '  as  a  preservative  oil  in  shock 
struts,  and  as  a  flushing  oil  for  some  hydraulic 
components.  It  may  also  be  used  as  an  all- 
temperature  operating  fluid  in  independently 
serviced  shock  struts.  However,  it  should  not  be 
used  as  an  operating  fluid  in  aircraft  hydraulic 
systems. 

8-8.  Vegetable  base  fluid.  Specification  MIL- 
H-7644,  is  used  in  aircraft  systems  that  use 
natural  rubber  seals.  It  has  a  bluish  color  and  is 
easy  to  distinguish  from  the  petroleum-base  type. 
However,  this  vegetable-base  fluid  is  becoming 
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obsolete  because  it  has  to  be  supplied  in  two 
grades  (A  and  C);  grade  A  is  heavy  for  summer 
use,  and  grade  C  is  light  for  winter  use.  The  use 
of  the  fluid  is  limited  to  hydraulic  systems  an4 
units  that  have  not  yet  been  modified  to  use 
synthetic  rubber  seals.  ^ 

8-9.  The  best  way  to  determine  what  fluid 
must  be  used  is  to  consult  the  maintenance  in- 
struction technical  order  applicable  to  that  par- 
ticular aircraft  Another  method  is  to  read  the 
•instruction  plate  affixed  to  the  individual  unit^r 
reservoir  and  notice  the  color  of  the  fluid  con- 
tained in  the  system. 

8-10.  Whenever  fluid  is  drained  from  an  air- 
craft hydraulic  system  or  component,  it  must  not 
be  reused.  Instead,  it  must  be  tagged  accordin^y 
and  disposed  of  as  administratively  condei^ned 


property  according  to  applicable  Air  Force  reg- 
ulations. 

8-11.  Some  of  the  hydraulic  systems  used  in 
high-speed  supersonic  aircraft  require  specially 
developed  hydraulic  fluids  that  have  an  operating 
range  pf  abnormally  high  temperatures.  The 
majn  reasons  for  using  this  type  of  fluid  are  the 
close  tolerance  of  the  various  actuating  units,  the 
specially  designed  metering  valves,  and  the  over- 
all heat  generated  by  the  supersonic  speed  of  the 
aircraft. 

8-12.  Synthetic  base  fluid,  MIL-0-8446A, 
can  be  distinguished  from  other  hydraulic  fluids 
by  its  golden-amber  color.  Remember,  MIb-0- 
8446A  is  not  a^general-purpose  fluid.  The  main- 
tenance insuruction  technical  order  should  \)e 
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Figure  22.   Typict!  color  cpding. 
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consulted  before  any  servicing,  flushing,  or  other 
maintenance  proccdiircs  are  carried  out. 

8-13.  Seals  used  with  MIL-0-8446A  are  not 
interchangeable  with  ^eals  used  with  any  other 
type  of  hydraulic  fluid.  Also,  the  seals  used  with 
MIL-0-8446A  are  hard  to  distinguish  frocg 
other  types  of  hydraulic  seals.  Hence,  when  re- 
placing any  seals  used  with  the  MIL-0-8446A, 
make  certain  that  they  arc  properly  packaged 
and  labeled  wfeen  you  receive  them. 

8-14.  You  vTill  lubricate  most  units  of  an  air- 
craft during  the  periodic  inspection^  using  hand, 
brush,  oil  can,  or  pressure  gun.  You  can  find 
details  for  this  lubrication  in  the  servicing  section 
of  the  aircraft  maintenance  manual  and  on  the 
back  of  the  iospcction  rworkcards.  J^en  using 
these  lubrication  charts,  pay  particular  attention 
to  the  chart  key  and  to  the  table  of  lubrication 
symbols.  Greases  are  made  to  specification,  ac- 
cording to  operating  temperature  requirements. 
Always  use  the  grease  specified  by  the  lubrica- 
tion chart  and  foUow  the  specific  instructions 
listed  on  these  cards. 

8-15.  Now  that  we  have  discussed  these  dif- 
ferent fluids,  fuel,  and  lubrication,  how  can  we 
tell  one  system  from  another?  This  \m  easy  to  do 
from  the  filler  cap  end  because  it  is  labeled. 
What  happens  if  you  are  in  a  wheel  well  facing  a 
maze  of  tubing?  There  must  be  a  coding  system; 
agree? 

8-16.  Color  Coding  on  Plumbing,  We  men- 
tioned coding  once  when  we  were  discussing 
fuels.  Each  system  that  uses  plutabing  or  tubing 
as  a  means  of  interconnecting  its  components  has 
a  code. 

8-17.  Color  codes  on  tubing  are  in  the  form 
of  tapes  or  bands.  A  band  is  located  on  each 
tube  segment,  every  24  inches  or  less.  In  any 
event,  a  band  is  visible  from  any  position.  Figure 


22  shows  the  common  systems  and  their  color 
codes. 

8-  18.  The  list  shown  in  figure  22  covers  most 
of  the  codes  you  will  encounter.  These  will  get 
you  started.  Remember,  however,  that  in  the 
maintenance  instructions  for  an  aircraft  you  will 
find  the  applicable  color  coding  for  that  aircraft. 
Always  refer  to  the  technical  order  for  a  com- 
plete color-code  listing. 

9.  Electrical  Hardware  and  Handtools 

9-  1.  We  have  discussed  the  aircraft  in  general, 
the  types,  hpw  they  fly,  their  major  systems,  and 
their  service  requirements.  Now  let's  discuss 
some  maintenance  materials  that  you  will  use  to 
keep  the  aircraft  ready  for  flight. 

9-2.  Electrical  Hardware,  Just  what  do  we 
mean  by  electrical  hardware?  These  arc  the 
bench  stock  items  that  you,  as  an  electrician,  use 
to  maintain  the  electrical  system  of  any  aircraft. 
However,  the  first  item  mentioned,  safety  devices, 
may  be  found  in  any  bench  stock. 

9-3.  Safety  devices.  Aircraft  vibration  tends  to 
loosen  or  alter  adjustment  of  various  parts,  such 
as  nuts,  tumbuckles,  and  screws.  Therefore, 
parts  that  are  intended  for  disassembly  or  adjust- 
ment are  safetied  by  an  auxiliary  device  or  a 
**self-safety"  feature.  For  example,  •  the  cotter 
pin  is  used  for  safetying  various  units  such  as  cas- 
tle nuts,  clevis  pins,  and  flathead  pins.  Cotter 
pins  and  safety  wire  are  the  most  commonly  used 
safety  devices.  Safety  wire  is  used  to  safety 
screws,  bolts,  nuts,  and  electrical  connectors.  Fig- 
ure 23  illustrates  the  safety  wiring  of  electrical 
connectors.  When  replacing  safety-wired  electri- 
cal connectors,  use  only  new  safety  wire;  do  not 
attempt  to  reuse  the  old  safety  wire.  Be  sure 
the  safety  wire  does,  not  become  kinked  or  nicked 
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Figure  24.   Rotary  selecfor^wiich. 

during  the  twisting  operation,  and  that  the  plating 
on  the  zinc-coated  wire  is  not  damaged.  If  wire 
is  damaged,  you  should  replace  it  with  new  safety 
wire.  In  order  to  align  holes  for  safety  wiring, 
you  should  not  "back  off'  or  overtorque  the 
mounting  fillister-hcad  screws. 

9-4.  Copper  wire,  aluminum  wire,  or  other 
similar  wire  called  for  in  specific  technical  orders 
should  be  used  as  seals  on  equipment  such  as 
first-aid  kits,  portable,  fire  extinguishers,  emer- 
gency valves,  or  oxygen  regulators.  A  secure  seal 
indicates  that  the  component  has  not  been 
opened.  When  using  safety  wire  as  a  seal,  par- 
ticular care  should  be  exercised  to  assure  that 
the  safety  wire  will  not  prevent  emergency  op- 
eration of  the  devices.  In  all  applications,  the 
wire  should  be  arranged  between  the  parts  or 
between  a  part  and  its  anchorage  in  such  a  man- 
^  ner  as  to  oppose  any  loosening  of  the  part. 

9-5.  Another  safety  device  is  the  lockwasher; 
it  exerts  spring  pressure  on  the  underside  of  a 
bolt  or  nut.  Thus,  the  threads  of  the  nut  or  bolt 
are  kept  under  tension  and  resist  any  tendency 
for  the  bolt  or  nut  to  turn.  It  is  recommended 
that  you  use  a  plain  washer  underneath  a  lock- 
washer  to  prevent  the  damage  that  may  occur 
on  soft  metal  surfaces.  Also,  plain  washers 
should  be  used  under  nuts  to^  provide  a  smooth- 
bearing  surface.  Now  let's  discuss  some  hard- 
ware that  especially  pertains  to  you  as  an  elec- 
trician. The  first  of  these  is  controlling  deviops. 

9-6.  CircuU-^onirolUng  devices.  The  prdptv 
functioning  of  electrical  equipment  depends  upon 
its  control-circuit  operation.  Directing  current  to 
a  particular  piece  of  equipment  is  not  a  compli- 
cated feat;  starting,  stopping,  varying,  and  re- 
versing the  current  is  another  matter.  Foc^  these 
purposes,  we  must  have  other  units  if  we  are  to 
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control  quickly  and  easily  the  various  circuits* 
.  found  in  aircrsit.  The  most  common  cotitrol  unit 
is  the  switch. 

9-7.  A  switch  may  be  described  as  a  device 
used  in  an  electrical  circuit  for  making,  breaking, 
or  changing  connections  ^nder  conditions  for 
which  the  switch  is  rated.  Switches  are  rated  in 
amperes  and  volts;  the  rating  refers  to  the  max- 
imum voltage  and  current  of  the  circuit  in  which 
the  switch  is  to  be  used.  Since  it  is  placed  in 
series,  all  the  current  will  pass  through  the 
switch;  because  when  it  opens  the  circuit,  the  ap- 
plied voltage  will  appear  across  the  switch  in  the 
^pen  circuit  position.  Switch  contacts  should  be 
opened  and  closed  quickly  to  minimize  arcing; 
therefore,  switches  generally  use  a  snap  action. 

9-8;  Many  types  and  classifications  of  switches 
have  been  developed.  The  common  designation 
is  by  the  number  of  poles,  throws,  and  positions 
they  have.  The  number  ' of  poles  indicates  the 
number  of  terminals  at  which  ^current  can  enter 
the  switch.  The  throw  of  a  switch  signifies  the 
number  of  circuits  each  blade  or  contractor  can 
complete  through  the  switch.  The  number  of  po- 
sitions indicates  the  number  of  places  at  which 
'the  operating  device  (toggle,  plunger,  etc.)  will 
come  to  rest. 

9-9.  An  example  of  the  switch-position  desig- 
nation is  a  toggle  switch  that  comes  to  rest  at  ei- 
ther of  two  positions,  opening  the  circuit  in  one 
position  and  completing  it  in  another.  This  is 
called  a  two-position  switch.  A  toggle  switch  that 
is  spring-load^  to  the  OFF  position  and  that 
must  be  held  in  the  ON  position  to  complete — 
the  circuit  is  called  a  momentary  contact  two-po- 
sition switch.  A  toggle  switch  that  will  come  to 
rest  at  any  of  three  positions  is  called  a  three- 
position  switch. 

9-10.  Pushbutton  switches  have  one  or  more 
stationary  contacts  and  one  or  more  movable  con- 
tacts. The  movable  contacts  are  attached  to  the 
pushbutton  by  an  insulator.  The  switch  is  usually 
spring-loaded  and  is  of  the  momentary  contact 
type.  These  switches  have  mrfhy  uses;  for  exam- 
ple, they  may  be  used  as  indicator  light  checks  . 
and  for  circuit  reset.  Occasionally  you  will  find 
the  push-on  and  push-off  types  of  switches,  but 
these  types  are  not  very  common. 

9-11.  A  rotary  selector  switch  may  perform 
the  functions  of  a  number,  of  switches.  This  is 
'accomplished,  as  shown  in  figure  24,  by  intro- 
ducing power  at  the  common  terminal  (c),  which 
is  mounted  jdn  the  insulating  ring  (a).  This 
power  is  then  conducted  from  (c)  through  the 
statio^ry  contact  (b)  to  the  conducting  ring  (4). 
Thus,  power  is  available  at  the  movable  contact 
(e)  at  all  times.  Ai  the  knob  of  a  rotary  selector 
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switch  is  rotated,  it  opens  one  circuit  and  closes 
another.  Some  rotary  switches  have  several  lay- 
ers of  wafers.  By  adding  wafers,  the  switch  can 
be  made  to  operate  as  a  large  number  of  switches. 
These  switches  are  generally  refened  to  as  se- 
lector switches.  Ignition  switches  and  voltmeter 
selector  switches  are  typical  examples."^ 

9-12.  Mechanically  operated  switches  are 
used  for  such  purposes  as  landing-gear  position  . 
indication,  bomb-bay-door  position  indication, 
and  as  various  drive  limit  switches.  Many  of 
these  sensitive,  snap-acting  switches  are  found  on 
aircraft  They  are  widely  used  because  tfiey  are 
small,  light,  and  very  dependable.  Although  the 
term  "Microswitch**  is  frequently  used  in  refer- 
ring to  all  switches  of  this  type,  it  is  a  trade  name 
for  the  switches  made  by  the  Microswitch  Divi- 
sion of  the  Minneapolis  Honeywell  Regulator 
Company. 

9-13.  Switches  of  this  type  open  or  close  a  cir- 
cuit with  a  very  small  movement  of  the  tripping 
device  (He  ii>ch  or  1^)-  '^^Y  ^®  usually  of  the 
pushbutton  variety  and  usually  depend  upon  one 
or  more  springs  for  their  snap  action.  When  the 
pressure  of  the  plunger  is  removed,  the  spring 
again  snaps  the  contact  to  the  CLOSED  position; 
this  prepares  the  circuit  for  a  new  cycle.  The 
versatility  of  this  type  of  switch  is  tremendous 
because  of  the  number  of  different  mounting  sup- 
ports that  have  been  devised  for  its  support 

9-1...  A  thermal  switch  usually  incorporates  a 
bimetaUic  strip  that  bends  or  snaps  at  a  desired 
temperature  to  actuate  the  switch.  This  type  of 
switch  is  found  in  fire  and  overheat  warning  cir- 
cuits. The  operation'  of  these  switches  is  auto- 
matic whenever  the  preset  temperature  is 
reached.  They  may  either  be  used  merely  to  turn 
on  -a  light  for  an  indication,  or — in  the  case  of 
'  an  automatic  control  system — to  start  a  chain  of 
events,  for  proper  control. 

9-15.  While  the  switch  itself  is  relatively  sim- 
ple to  check,  it  sometimes  presents  a  difficulty 
because  it  is  located  in  an  inaccessible  place.  Af- 
ter a  vicual  inspection  of  the  connections  and  the 
switch,  a  continuity  test  will  indicate  any  mal- 
function. When  the  switch  mechanism  Ms  found 
to  be  defective,  it  i&  usually  replaced,  smce  it 
is  normally  not  reparable.  Inclosed  switches 
that  are  improperly  sealed  tend  to  allow  moisture 
to  condense  in  them,  which  shorts  across  the 
switch  terminals  and  causes  the  switches  to  be- 
come defective.  This  difficulty  may  be  corrected 
by  carefully  sealing  the  openings  or  using  her- 
rafctically  sealed  switches.  Hermetically  sealed 
switches  also  prevent  dust  and  dirt  from 
reaching  the  contacts  and  thereby  reduce  the 
possibility  of  high  resistance  and  opeii  circuits. 


9-16.  Some  switch  assemblies  are  equipped 
with  adjustments  that  enable  them  to  operate  at 
a  preset  time  or  pressure.  These  adjustments 
should  be  made,  carefully,  since  damage  may  re- 
sult if  they  are  not  accurate. 

9-17.  The  various  types  of  switches  we  have 
discussed  are  used  for  the  direct  control  of  a 
circuit.  But  what  about  circuits  that  require 
heavy  current  flow  or  that  simply  cannot  be  reg- 
ulated directly?  For  these,  we  have  devices  ap- 
propriately called  relays. 

9*18.  Relays  are  electrically  operated  switches 
that  are  classified  according  to  their  use  as  con- 
trol, power,  or  sensing  relays.  The  use  of  re- 
lays saves  space  and  weight  in  aircraft  by  per- 
mitting the  use  of  small  switches  at  remote 
stations.  These  switches  permit  the  operator  to 
control  large  amounts  of  current  at  other  locations 
in  the  aircraft,  and  thereby  the  heavy  power 
cables  need  only  be  run  to  the  point  of  use.  Only 
lightweight  control  wires  are  connected  to  the 
control  switches.  Safety  is  also  an  important  fac- 
tor in  using  relays,  since  high  power  circuits  can 
be  kept  out  of  the  cockpit. 

9-19.  The  power  relays  are  the  workhorses  of 
the  aircraft's  elecUical  system.  As  such,  they  con- 
trol the  heavy  pbwer  circuits.  .The  functidn  of  a 
control  relay  is  to  take  a  relatively  small  amount 
of  electfical  power  and  use  it  cither  to  signal  or 
to  control  a  large  amount  of  power.  Control  re- 
lays, as  their  name  implies,  are  frequently  used 
in  the  control  of  othef  relays,  although  the  small 
controh  relays  have  many  other  uses.  With  these, 
electron  plate  currents  can  control  the  larger  cur- 
rents necessary  to  operate  electrical  devices. 
Control  relays  can  dso  be  used  in  so-called  lock- 
nut,  interlock,  or  sensing  relay  positions.  The 
automatic  functioning  circuits  in  our  modem  air- 
craft could  not  function  without  the  use  of  dif- 
ferent combinations  of  relays. 

9-20.  A  relay  consists  of  a  coil,  a  stationary 
iron  core,  and  fixed  and  movable  contacts.  A 
small  current  is  passed  through  the  coil,  creating 
a  magnetic  field.  Then  the  core,  by  magnetic 
attraction,  pulls  down  the  armature  to  which  the 
contacts  are  attached  and  completes  the  electrical 
circuit  for  the  device  which  is  to  be  oper- 
ated. When  the  control  circuit  current  is  inter- 
rupted, the  magnetic  field  about  the  coil  col- 
lapses, and  a  spring  forces  the  armatuJe  to  return 
to  its  original  position.  This  separates  the  con- 
tacts and  o^ens  the  circuit  of  the  device  being 
controlled. 

9-21.  Many  different  types  of  relays  are  in 
general  use  today  in  various  aircraft  installations. 
The  main  differences  between  them  are  in  oper- 
ating voltages,  current-carrying  capacity,  mount- 
ing, and  control  function  (continuous  or  intermit- 
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tent  operation).  The  dat^i  plate  of  the  new  relay 
should  be  che9ked  before  installation,  because 
the  ^outward  *appearance  can  be  misleading.  A 
relay  designed  for  intermittent  operation  would 
not  hold  up  very  long  if  it  were  installed  in  a 
^position  calling  for  a  continuous  duty  relay. 

9-22.  Variable  resistance  devices  are  used  ex-^ 
tensively  in  aircraft  to  control  the  intensity  of 
lights  and  speed  of  various  small  motors.  They 
also  vary  the  voltage  (and  hence  the  current)  to 
an  operating  unit  within  a  definite  range  of  val- 
ues. Variable  resistance  devices  are  classed  as 
either  rheostats  or  potentiometers,  depending  on 
the  number  of  electrical  conta^tts^they  have. 

9-3.  A  rheostat,  sometimes  referred  to  as  a 
variable' resistor,  consists  of  a  circular  insulator 
around  which  a  resistance  material  has  been 
placed.  A  movable  contact  that  contacts  the  re- 
sistance material  is  mounted.on  a  rotatable  shaft. 
The  shaft  is  mounted  concentrically  with  the  in- 
sulating material.  Circuit  resistance  is  varied  by 
the  position  of  the  movable  contact  A  knob  is 
provided  to  facilitate  adjusting  rheostats  which 
must  be  adjusted  frequently.  Rheostats  that  are 
designed  for  basic  circuit  calibration,  rather  than 
frequent  adjustments,  generally  require  a  screw- ' 
driver  for  adjustment.  In  this  case,  the  screw  on 
the  movable  contact  Js  loosened,  and  the  contact 
is  moved  along  the  resistance  strip  until  the  de- 
sired resistance  is  obtained. 

9-24.  Rheostats  are  rated  at  normal  tempera- 
tures in  terms  of  maximum  resistance,  current, 
and  power.  This  means  that  at  normal  tempera- 
tures the  values  stated  are:  the  top  resistance 
available  in  the  circuit,  the  most  current  the  rheo- 
stat can  carry,  and  the  most  power  that  it  can 
dissipate  without  overheating.  All  values  must 
be  taken  into  consideration  when  replacing  a  rhe- 
ostat. 

9-25.  Another  variable  resistance  device  is  the 
potentiometer.  Most  maintenance  men  refer  to 
this  device  as  a  "pot.**  It  is  similar  to  the  rheo- 
stat in  external  appearance.  Potentiometers  are 
rated  in  the  same  manner  as  rheostats;  the  rat- 
ings are  resistance,  current,  and  power.  When 
they  are  used  in  circuits  that  require  a  variable 
resistance  only,  just  one  end  connection  and  the 
movable  contact  are  used.  When  a  pot  is  used 
to  adjust  voltage  (voltage  divider),  all  three  con- 
tacts are  used.  Input  power  may  be  applied 
across  the  resistance  strip  and  output  powei^taken 
from  one  end  of  the  resistance  strip  arid,  the 
movable  contact.  Power  may  be  applied  to"  the 
movable  contact,  and  its  position  determines  the 
magnitudes  of  (he  two  voltages  aVailaBIe  atfboth 
ends  of  the  resistance  strip. 

9-26.  Electrical  hardware  has* supplied  the 
means  of  connecting  and  supporting  the  wiring 


which  provides '  the  path  for  electrical  current 
throughout  the  aircraft.  A  means  of  overioad 
protection  for  this  wiring  must  also  be  provided. 
Therefore,  we  shall  now  discuss  the  various  cir- 
cuit-protection devices. 

9-27.  Circuit-protection  devices.  The  electri- 
cal systems  of  an  aircraft  are  protected  from 
damage  and  failure  by  fuses,  circuit  breakers,  and 
current  limiters.  The  simplest  overcurrent  pro- 
tection device  is  the  fuse. 
•  9-28.  A  fuse  is  a  short  length  of  wire  or  metal 
ribbon  inside  a  suitably  inclosed  container.  A 
current  flow  greater  than  the  amount  for  which 
the  fuse  was  designed  causes  the  metal  to  heat 
and  melt,  opening  the  circuit  which  is  bemg  pro- 
tected. A  fuse  is  always  placed  in  series  vnth  a 
circuit  so  that  it  opens  the  circuit  automatically. 
The  current  capacity  of  each  fuse  is  marked  on 
its  side.  In  the  case  of  the  cartridge  type  fuse, 
the  current  rating  is  mjtked  on  the  ferrule  (end 
cap).  Also  marked  on  this  type  fuse  is  an  AG 
number  (such  as  3AG,  4AG)  which  indicates 
size  and  type  body,  in  this  case,  a  glass  body. 
An  AB  number  indicates  a  bakelite  body. 

9-29.  Fuses  are  further  classified  as  instanta- 
neous or  time  delay  types.  The  instantaneous 
fuse  will  carry  its  rated  current  indefinitely,  but- 
it  will  quickly  open  the  circuit  when  it  is  rated  ca- 
pacity is  exceeded  by  about  25  percent.  Time 
delay  or  "slow  blow"  fuses  (as  they  :ire  gen- 
erally called)  are  designed  to  stana  ^verioads 
for  some  time  before  blowing.  This  feature  is 
necessary  to  keep  short-time  surges,  such  as  high- 
starting  current  for  motors,  from  melting  (blow- 
ing) the  fuse.  This  time  delay  permits  momen- 
tary high  current  without  injuring  the  fuse,  while 
continuous  excessive  current  causes  a  rupture  of 
the  fuse. 

9-30.  Another  consideration  in  the  use  of  a 
fuse  is  the  voltage  rating.  This  rating  refers  to 
the  maximum  voltage  possible  in  the  circuit  in 
which  the  fuse  is  used.  It  is  the  voltage  that 
the  fuse  construction  can  safely  handle  without 
arcing.  If  the  fuse  opens,  the  entire  applied  volt- 
age of  the  circuit  will  appear  across  it.  Therefore, 
the  vohage  rating  of  the  fuse  should  be  higher 
than  the  maximum  circuit  voltage. 

9-31.  Fuses  used  in  aircraft  are  not  the  reus- 
able or  reparable  type.  A  fuse  used  in  an  aircraft 
must  be  replaced  with  a  new  fuse  after  the  de- 
fective equipment  has  been  •  repaired  that  caused 
the  fuse  to  blow.  When  a  fuse  has  a  glass  body, 
a  simple  visual  inspection  will  reveal  a  blown 
fuse.*  With  the  bakelite — and  sometimes  even 
with  the  indicator  type — fuses,  it  becomes  neces- 
sary to  use  a  multimeter  and  make  a  continuity 
check  of  the  suspected  fuse. 
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9-32.  Cunent  limiters  are  devices  somewhat 
similar  to  fuses,  and  are  used  in  aircraft  circuits 
-that-cany-heavy  currents.  -This^circuit  protector 
consists  of  a  copper  link  with  a  ''weak  section** 
of  calibrated  <iintensions.  These  sections  blow  or 
melt  in  the  same  manner  as  those  of  the  car- 
tridge fuse  when  the  circuit  becomes  overloaded 
or  shorted.  Two  properly  insulated  and  spaced 
bolts  or  studs  are  all  that  are  required  for  mount- 
ing. 

9-33.  Current  limiters  are  generally  placed  at 
both  ends  of  a  parallel  bus  feeder  system.  If  a 
short  occurs  in  the  system,  both  current^  limiters- 
will  blow  and  completely  isolate  the  fault.  The 
remaining  feeder  leads  can  then  continue  to  sup- 
ply power  to  the  bus. 

9-34.  When  a  high-current  fault  occurs  in  the 
main  power  distribution,  all  current  limiters  be- 
tween the  fault  and  the  primary  bus  are  subjected 
to  an  overload  which  may  have  affected  their 
current-carrying  capacity.  Therefore,  when  such 
a  fault  is  discovered,  all  limiters  in  the  power 
circuit  back  to  the  primary  bus  should  be  re- 
^placed.  If  doubt  exists  about  the  magnitude  of 
fault,  limiters  should  be  replaced,  since  damage 
to  them  may  not  always  be  visible.  It  is  impor- 
tant to  replace  a  current  limiter  with  the  proper 
type,  since  a  time  delay  type  does  not  provide 
the  proper  protection  in  a  circuit  that  requires  an 
instantaneous  type. 

9-35.  The  most  commonly  used  circuit  protec- 
tion device  in  aircraft  is  the  circuit  breaker.  It  is 
designed  to  open  the  circuit  under  short-circuited 
or  overloaded  conditions  without  injury  to  itself. 
Thus,  it  performs  the  same  function  as  the  fuse 
or  current  limiter.  "but  it  has  the  advantage  that 
it  is  capable  of  being  reset  and  used  again.  In 
the  same  manner  as  the  fuse,  the  circuit  bfeaker 
is  rated  in  amperes  and  voltage. 

9-36.  Circuit  breakers  used  in  aircraft  are 
commonly  categorized  according  to  the  way  the 
circuit-breaking  action  is  initiated;  either  ther- 
mal, magnetic,  or  thermomagnetic.  Our  coverage 
here  is  directed  primarily  to  thermal  circuit 
firfekers,  since  they  are  the  most  widely  used. 
Thermal  circuit  breakers  are  further  divided  into 
subcategories  by  the  manner  in  which  they  are 
reset.  These  subcategories  are  push-to-reset 
breaker,  switch  breaker,  or  push-pull  breaker. 

9-37.  A  thermal  push-to-reset  type  breaker 
uses  a  bimetallic  strip  to  perform  the  breaking 
action.  When  the  circuit  is  subjected  to  an  excess 
of  current,  the  increased  heat  causes  unequal  ex- 
pansion of  the  two  metals  comprising  the  cdn- 
duciing  strip,  and  the  distortion  bends  the  strip 
away  from  the  electrical  terminals.  To  reset  the 
breaker,  the  operator  merely  pushes  a  button  that 
forces  the  strip  back  onto  the  terminals.  When 


this  type  of  breaker  is  clojcd,  the  crewmember 
has  no  way  of  opening  it. 

9-38.  Realizing-"TRat  you  sonfetimes  find  it 
necessary  to  open  the  circuit  breakers  manually, 
the  manufacturers  designed  a  type  of  thermal 
breaker  known  as  the  push-pull  breaker.  These 
breakers  are  equipped  with  a  red  collar  that  sur- 
rounds the  operating  shaft.  When  the  circuU 
breaker  is  open,  the  red  collar  shows;  when 
it  is  closed,  the  collar  is  inside  the  mechanism. 
This  arrangement  provides  you  'with  a  quick  way 
of  visually  checking  any  circuit-breaker  panel  for 
"popped*'  breaker.  The  push-pull  circuit  break- 
ers are  small,  and  their  external  projection  from 
the  panel  is  designed  to  reduce  the  possibOity 
of  catching  your  clothing  on  them  and  thus  acci- 
dentally interrupting  an  operating  circuit. 

>9-39.  Another  model  of  a  thermal  cir- 
cuit breaker  is  called^the  switch  typ^.  The  op- 
erator may  open  as  well  as  close  t^iis  kind  of 
breaker.  Externally,  tWs  breaker  appears  to  be 
similar  to  a  toggle  switch.  The  togglelike  mech- 
anism is  the  resetter,  which  may  also  be  used  as 
a  single-throw  switch  to  turn  the  circuit  on  or  off. 

9-40.  Circuit  breakers  are  further  classified  as 
trip-free  and  non-trip-free.  You  can  hold  the 
non-trip-free  circuit  breakers  closed  while  a  trip- 
ping condition  exists.  This  type  of  breaker 
is  generally  used  in  circuits  that  constitute  an  in- 
flight emergency  if  not  energized,  such  as  land- 
ing gear  of  flap  circuits.  These  breakers  should 
be  held  closed  only  in  an  emergency;  and  since 
this,  action  is  likely  to  change  the  calibration  of 
the  breaker,  it  should  be  replaced.  The  trip-free 
break  is  the  more  commonly  used  of  the  t;^o 
types.  This  circuit  breaker  cannot  be  held  in  the 
reset  position. 

9-41.  On  the  ground,  whenever  a  circuit 
breaker  interrupts  the  circuit,  you  check  to  de- 
termine the  reason  for  the  excessive  current  be- 
fore any  further  attempt  is  made  to  operate  the 
affected  system.  Sometimes  circuit  breakers  be- 
come weak  as  a  result  of  "old  age"  and  of 
being  tripped  or  reset  so  many  times.  These 
breakers  should  be  replaced  with  new  items. 
Along. with  controlling  and  protective  devices,  we 
must  have  a  means  bt  connecting  wires  together 
to  make  a  complete  circuit.  This  is  the  next  point 
in  our  discussion. 

9-42.  Terminals  and  splices.  Since  aircraft 
wires  arc  stranded,  it  is  necessary  for  you  to  use 
terminal  lugs  to  hold  the  strands  together,  which 
facilitates  fastening  the  wires  to  terminal  studs. 
The  terminals  used  in  electrical  wiring  are  either 
of  the  soldered  type  or  the  crimped  type.  Ter- 
minals used  in  repair  work  must  be  of  the  size 
and  type  specified  on  the  electrical  wiring  dia- 
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gram  for  the  particular  aircraft  In  special  cases, 
such  as  t)D  thermocouple  leads^  the  connections 
arc  soldered.  Other  than  thermocouple  connec- 
tions, the  soldering  of  splices  and  terminals  is 
limited  to  emergency  repair. 

9-43.  The  increalcd  use' of  trunp-on  terminals 
is  based  to  a  large  decree  upon  the  limitations 
of  soldcitd  terminals.  The  quality  of  soldered 
connections  depends  mostly  upon  the  technician's 
skill.  Such  factors  as  temperature,  flux,  clean- 
liness, oxides,  and  insulation  damage  caused  by 
heat  also  contribute  to  defective  connections. 

9-44.  The  installation  of  the  crimp-oa  solder- 
less  terminals  requires  relatively  little  technical 
skill.  This  allows  terminals  to  be  app^ed  in  an 
aircraft  with  a  minimum  of  time  and  effort.  The 
connections  are  made  more  rapidly,  are  cleaner, 
and  are  more  uniform.  Because  of  the  pressures 
exerted  and  the  materials  used,  the  crimped  con- 
nection or  splice,  when  properly  made,  has  an 
electrical  resistance  that  is  less  than  that  of 'an 
equivalent  length  of  wire. 

9-45.  Since  both  copper  and  aluminum  wiring 
arc  used  \n  current  aircraftjwth  copper  and 
aluminum  terminals  and  splices  are  necessary. 
The  cei^ptT  terminals  and  splices  should  be  used 
only  TO^coppCr-wire,  and  the  aluminum  termi- 
nals aiKTiplices^ should  be  used  on  aluminum 
wire.  Various  size  terminal  or  stud  holes  will  be 
found  for  each  of  the  different  wire  sizes.  A  fur- 
ther refinement  of  the  solderless  terminals  is  the 
insulated  type.  The  barrel  of  the  terminal  is 
inclosed  in  an  insulation  material  (see  fig.  25). 
The  insulation  is  compressed  along  with  the  ter- 
minal barrel  when  crimping  but  is  not  damaged 
in  the  process.  This  eliminates  the  necessity  of 
taping  or  tying  an  insulating  sleeve  over  the 
joint 

9-46.  You  use  different  types  of  crimping 
tools  with  the  different  types  of  terminals  and 
splices.   Wherever  possible,  the  manufacturer's 


crimping  tool  should  be  matched  with  his  termi- 
nals and  splices.  Figure  26  shows  some 'different 
brands  and  types  of  terminals  and, splices.  Notice 
the  different  methods  of  crirpping  used  on  each. 
If  you  personally  desire  information  about  termi- 
nals and  splices,  refer  to  TO  l-lA-14.  What  if 
you  need  to  make  a  connection  that  is  not  per- 
manent? What  kind  of  connection  would  you 
make?  Let's  continue"  and  see. 

9-47.  Electrical  connectors.  Electrical  connec- 
tors are  designed  to  provide  a  detachable  means 
of  coupling  between  major  components  of  elec- 
trical and  electronic  equipment.  These  connec- 
tors are  constructed  to  withstand  the  extreme 
operating  conditions  unposed  by  airborne  service. , 
They  must  make  and  hold  electrical  contact 
without  excessive  voltage  drop  despite  extreme 
vibration,  rapid  shifts  in  temperature,  and  great 
changes  in  altitude. 

9-48.  In  the  discussion  which  follows,  we  shall 
use  the  word  "connector"  in  a  general  sense. 
It  applies  equally  well  to  connectors  designated 
by  AN  numbers  and  those  designated  by  MS 
numbers.  AN  numbers  were  formeriy  used  for 
all  supply  items  cataloged  jointly  by  the  Army 
and  Navy.  Many  items,  especially  those  of  older 
design,  continue  to  carry  the  AN  designation, 
even^  though  the  supply  system  is  shifting  over  to 
MS  (military  standard)  numbers. 

9-49.  Connectors  consist  of  two  portions — the 
fixed  portion,  called  the  receptacle,  and  the  mov- 
able portion,  called  the  plug.  Plug  assemblies 
may  be  of  the  straight  type  or  the  90°  type,  while 
receptacle  assemblies  may  be  of  the  wall-mount- 
ing, box-mounting,  or  integral^mounting  type. 
MS  numbers  and  letters  identify  the  type,  style,- 
and  arrangement  of  a  connector. 

9-50.  These  connectors  vary  widely  in  design 
and  application.  Each  connector  consists  of  a 
plug  assembly  and  a  receptacle  assembly.  The 
two  assemblies  are  coupled  by  means  of  a  coupl- 
ing nut,  and  each  assembly  consists  of  a'  metal 
shell  containing*  an  insulating  insert  which  holds 
the  current-carrying  contacts.  The  shells  of  MS 
connectors  are  made  in  various  types,  each  for 
a  particular  kind  of  application.  A  letter  designa- 
tion is  used  in  the  MS  number  to  indicate  the 
shell  design  or  type.  All  MS  cqonectors  have 
aluminum  alloy  shells  except  Qass  K,  which  has 
a  steel  shell  for  fire  resistance.  Just  be  sure  to 
replace  a  connector  with  an  identical  connector 
or  an  authorized  replacement. 

9-51.  tfie  present  practice  is  to  use  potted 
connectors  (moisture-proof  or  environment-proof 
connectors).  However,  operating  conditions 
sometimes  demand  that  ordinary  electrical  con- 
nectors on  older  types  of  aircraft  be  given  a 
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moisture-proofing  treatment.  The  basis  of  mois* 
ture-proofing  is  the  application  of  a  sealing  com- 
pound to  the  bacic  shell  portion  of  the  connector. 

9-52.  Moisture-proofing  reduces  failure  of 
electrical  connectors  and  reinforces  the  wires  at 
the  connectors  against  failure  caused  by  vibration 
and  lateral  pressure;  both  of  these  conditions 
cause  wire  fatigue  at  the  solder  cup.  The  sealing 
onnpound  also  protects  electric  connect^  from 
corrosion  and  contamination  by  excluding  metal- 
lic particles,  moisture,  and  aircraft  liquids.  As  a 
result  of  its  improved  insulating  characteristics, 
it  reduces  the  possibility  of  arc-over  between  pins 
at  the  back  of  the  electrical  connectors. 

^-53.  TO  l-lA-14  gives  directions  for  mix- 
ing and  installing  sealing  compOund.  Prior  to 
potting  a  connector,  spare  wires  should  be  in- 


stalled on  all  thc(  unused  pins.  Use  the  largest 
gage  wire  that  would  normally  be  attached  to 
each  contact.  The  spare  wires  should  be  identi- 
fied as  to  their  size  and  pin  connection,  pie 
exposed  ends  of  these  wires  should  be  termi- 
nated with  end  caps.  ^ 
9-54.  The  reason  you  solder  a  short  length 
of  wire  to  each  spare  pin  is  to  provide  for  addi- 
tional circuits  to  be  included  in  the  connector, 
or  to  reduce  the  need  of  repairing  a  single  wire 
which  may  have  failed  within  the  connector  by 
making  a  splice  to  one  of  the  spare  wires.  If  no 
spare  wire  is  avfilable  in  the  connector  and^  a 
s  single  wire  must  be  replaced,  you  take  the  back 
shell  off  and  remove  the  potting  compound  with 
a  knife  or  long-nose  pliers.  After  you  repair  the- 
wire,  the  plug  may  be  returned  to  ks  original 
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conation  by  applying  more  potting  compound. 
The  new  compound  will  seal  or  vulcanize  satis- 
factorily to  any  old  compound  remaining  in  the 
connector.  Wc  have  discussed  different  means 
of-  ^nncctin&  x)r-_spUcing,.wire,.Jmt_weJiaven!L_ 
discussed  the  wire  itself.  Let's  turn  our  attention 
to  electrical  wire,  as  it  pertains  to  aircraft. 

9-55.  Electrical  wires.  Materials  used  in  the 
construction  of  wire  arc  silver,  copper,  gold,  and 
aluminum.  Silver  is  a  better  electrical  conductor 
than  copper,  but  copper  is  more  widely  used  for 
economic  reasons:  The  fact  that  copper  is  used 
as  a  conducting  material  to  a  greater  extent  than 
'Stfy  other  material  is  accounted  for  not  only*  by 
its  ability  to  conduct  electrical  current  and  its 
relatively  low  cost,  but  also  by  its  physical  char- 
acteristics  in  general.  It  has  high  iensile  strength, 
relative  freedom  from  atmospheric  corrosion,  and 
is  easy  to  solder. 

9-56.  Aluminum  is  the  principal  competitor 
of  copper  as  an  electrical  conductor;  you  use  it 
when  minimum  weight  is  a  major  consideration. 
In  addition  to  its  light  weight,  certain  problems 
encountered  with  aluminum  wire  generally  re- 
strict its  use  to  large-size  wire  and  to  positions 
such  as  power-feeder  leads.  Aluminum,  how- 
ever, has  a  number  of  disadvantages  that  must 
be  considered  when  it  is  being  installed  in  an 
aircraft.  Aluminum  wire,  for  instance,  is  softer 
than  copper  wire,  and  continued  bending  of  alu- 
minum wire  will  cause  "work  hardening"  of  the 
metal,  which  makes  ^t  brittle.  This  causes  strands 
of  the  wire  to  fail  or  break  much  sooner  than 
strands  of  copper  wire.  Aluminum  wire  with 
nicked  strands  should  ilbt  be  used  on  an  aircraft 
because  damaged  strands  will  fail  in  service. 

9-57.  Another  troublesome  problem  you  en- 
counter when  using  aluminum  wire  is  the  pres- 
ence of  electrically  resistant  aluminum  oxide 
which  you  must  either  penetrate  or  remove-  to 
guarantee  a  satisfactory  c^jieclrical  connection.  A 
compound  called  Penetrox  A  is  used  to  remove 
this  film.  ^ 

9-58.  For  purposes  of  electrical  and  electronic 
installation  ill  aircraft,  an  insulated  wire  consists 
of  stranded  aluminum  or  copper  conductors  cov- 
ered with  a  dielectric  or  insulating  material.  This 
insulation  may  consist  of  several  materials  and 
layers.  It  provides  dielectric  insulation,  thermal 
protection^  abrasion  resistance,  moisture  resist- 
ance, and  fluid  resistance.  Insulated  wire  is  usu- 
ally referred  to  as  "wire'*  and  we  shall  refer  to 
it  in  this  way  throughout  this  volume. 

9-59.  Wire  size  is  designated  by  a  wire  gage 
numbering  system.  The  sizes  most  commonly 
used  on  aircraft  vary  from  number  22,  the  small- 
est, to  number  0000  (sometimes  written  4/0), 
the  largest.    This  system  closely  approximates 


the  American  Wire  Gage  (AWG)  system,  but 
it  is  improper  to  refer  to  aircraft  wire  as  AWG. 

9-60.  The  approximate  wire  gage  is  deter- 
mined by  the  smallest  slot  of  the  AWG  wire 
ga^e  that  the  stranded  wire  will  pass  through 
easily  (each  plot  has  an  associated  number). 
Slots  larger  than  that  associated  with  number  1 
are  identified  by  fractions  which  indicate  the 
wire  diameters.  You  use  a  wire  gage  for  rough 
approximations  in  the  field  only  when  complete 
wire  tables  are  not  available. 

9-61.  Insulated  wires  are  rated  by  the  voltage 
the  insulation  can  withstand  and  by  the  wire's 
current-carrying  ability.  You  can  obtain  the  in- 
formation you  need  by  referring  to  the  military 
specification  of  a  specific  wire.  For  example, 
MIL-W-5086  is  a  simple  conductor  copper  wire 
used  for  general-purpose  wiring  on  most  aircraft 
electrical  systems.  It  is  a  stranded,  tinned-cop- 
per conductor  ^ith  insulation  that  is  resistant  to 
abrasion,  moisivre,  and  aircraft  engine  oils.  It 
is  also  partly  resistant  to  flame  and  fungus.  Tem- 
perature limitations,  ohmic  values  per  thousand 
feet,  and  the  current-carrying  capacity  are  also 
given  in  the  specification. 

9-62.  For  wire  replacement,  you  consult  the 
aircraft's  maintenance  instrucdons  manual  first, 
since  it  usually  lists  the  wire  used  in  a  given  air- 
craft. When"  the  wire  size  cannot  be  obtained 
from  this  manual,  you  select  the  correct  size  and 
type  of  wire  needed.  TO  1~1A-14  can  assist 
you  to  make  the  proper  decision  while  you  con- 
sider the  following  factors: 

•  C|urrent  drawn  by  the  load. 

•  Length  of  wire  required.  ^ 

•  Allowable  voltage  drop  of  the  wire. 

•  Maximum  voltage  applied. 

•  Approximate  temperature  to  which  the  wire 
is  to  be  subjected. 

9-63.  Wires  built  to  withstand  extremely  high 
temperatures  are  used  in  certain  installations. 
Take  particular  note  of  these  installations  to  in- 
sure that  general-purpose  wiring  is  not  used  for 
replacement  of  fiigh-temperature  wire. 

9-64.  All  aircraft  wiring  is  identified  by  a 
numbering  system.  Therefore,  qpw  wiring  to  bc^ 
installed  in  an  aircraft  must  be  property  marked  ^ 
before  it  is  installed.  Wires  should  be  marked 
every  15  inches  and  3  inches  from  each  end. 
Wires  less  than  3  inches,  or  wires  exposing  both 
ends,  need  not  be  marked.  Later  m  this  chapter 
we  will  discuss  the  wire-marking  machine.  After 
marking  the  wire,  it  is  property  cut,  stripped,  and 
tinned;  and  terminals  or  splices  are  installed. 

9-65.  Small  copper  wire  may  be  cut  to  length 
with  diagonal  cutting  pliers,  but  you  cut  large 
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^  Figure  27.   Cable  clamp  and  grommct  at  bulkhead 
hole. 


copper  wire  with  a  power  circular  saw  which 
h^  a  cable-cutting  blade.  A  cable-cutung  blade 
is  similar  to  a  meat-slicing  blade  that  has  no 
teeth.  Copper  wire  may  also  be  cut  with  a  fine- 
toothed  hacksaw. 

9-66  Special  cable  shears  with  concave  cut- 
ting edges  may  be  used  to  cut  small  alummum 
wire  Large  alumbum  wire  should  be  cut  with 
a  power  circular  saw  which  has  a  cable-cutting 
blade.  Aluminum  wire  should  never  be  cut  with 
tools  that  have  reciprocating  motion,  such  as 
hacksaws.  Reciprocating  cutting  action  worn 
hardens"  aluminum  wire. 

9-67  Before  wire  can  be  assembled  to  con- 
neqjors,  terminals,  splices,  etc.,  yob  must  strip 
the  insulation  from  the  connecting  ends  to  expose 
the  bare  conductor.  The  amount,  of  insulauon 
you  remove  is  determined  by  the  connecuon  that 
U  to  be  made.  Refer  to  TO  l-lA-14  for  the 
proper  length  and  for  procedures.  You  stnp  cop- 
per wire  in  a  number  of  different  ways,  depend-. 
.  ing  upon  size  and  insulation.  The  only  authonzed 
way  to  strip  aluminum  wire  is  with  a  knife.  Even 
then,  take  extreme  care  not  to  nick  the  alummum 
wire    Nicked  or  broken  strands  are  not  per- 
»  mitted  on  aluminum  wire.  On  the  other  hand 
the  number  of  nicked  or  broken  strands  permitted 
on  copper  wire  vary  from  2  syands  on  number 
10  -wire  to  12  strands  on  singM  0  wire. 


9-68  You  install  and  route  aircraft  wiring  in 
such  a  manner  that  it  is  protected  from  undue 
wear  or  chafing.  Chafing  and  abrasion  of  elec- 
trical wires  is  generally  eliminated  if  you  use 
Military  Standard  (MS)  cable  clamps.  Figure 
27  shows  the  proper  method  of  supportmg  a  wire 
bundle  that  comes  closer  than  one-fourth  inch 
to  the  structure  when  passipi  through  a  bulk- 
head. If  the  clearance  is  crater  than  one-fourth 
inch,  you  need  not  use  thfc  grommet. 

9-69  You  also  use  MS  cable  clamps  to  pro- 
vide a  rigid  separation  (not  for  bundle  support) 
when  you  route  a  wire  bundle  close  to  combusu- 
ble  fluid  or  oxygen  lines.  When  this  separauon 
is  less  than  2  inches,  inclose  the  wire  bundle  m 
a  nylon  sleeve  for  further  protection. 

9-70  Whenever  possible,  wire  should  be 
routed  away  from  resistors,  exhaust  stacks,  heat- 
ing ducts,  etc.  If  you  must  run  wires  through 
hot  areas,  the  wire  should  be  insulated  with  high- 
temperature-resistant  material,  such  as  asbestos 
or  fiberglass.  Never  use  low-temperature  wire 

in  these  areas. 

9-71.  You  never  route  wire  below  a  battery. 
Wiring  installed  in  a  battery  area  should  be  in- 
spected frequenUy,  and  any  found  to  be  dis- 
colored by  the  battery  fumes  should  be  replaced. 

9-72.  Avoid  areas  where  the  wires  are  subject 
to  damage  from  fluids.  If  wiring  might  be  soaked 
in  any  location,  you  inclose  it  in  plasuc  tubing 
which  extends  beyond  the  wet  area  and  is  tied 
at  each  end.  When  wires  and  cables  which  are 
inclosed  in  tubing  are  depressed  downward  to- 
ward a  connector,  terminal  block,  etc.,  a  trap 
or  drip  loop  should  be  provided.  The  lowest 
point  of  the  tubing  should  have  a  Vs-inch  drain 
hole,  as  shown  in  figure  28.  This  hole  is  punched 
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Figure  28.    Drainage  hole  in  low  point  of  tubing. 
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Figure  29.   Wire  bundle  tying  and  lacing. 

in  the  tubing  after  the  installation  is  complete 
and  the  low  point  definitely  established.  How- 
ever, the  hole  should  not  be  punched  in  the  tub- 
ing if  the  loop  is  in  a  wet  area  or  is  exposed  to 
fumes  detrimental  to  the  insulation  of  wire. 

9-73.  You  do  not  provide  excess  slack  in  wir- 
ing installation  except  for  drip  loop  and  service 
requirements.  Enough  slack  should  be  provided 
to  meet  the  following  needs: 

•  Permit  ease,  of  maintenance. 

•  Allow  replacement  of  terminals  at  least 
twice,  where  practicable. 

•  Prevent  mechanical  strain  on  the  wires,  ca- 
bles, cable  junctions,  and  .cable  supports. 


•  Permit  free  movement  of  shock-  and  vibra- 
tion-mounted equipment. 

^  Permit  shifting  of  equipment  in  order  to 
make  possible  alinement,  servicing,  tuning, 
removing  of  dust  covers,  and  changing  of 
tubes,~while  installed-in  aircraft. 

•  Eliminate  sharp  bends  in  order  to  prevent 
breakage  and  damage  to  wire  insulation. 

9-74.  Wires  and  cables  that  you  attach'  to  as- 
semblies where  movement  occurs  (such  as  hinges 
and  rotating  pieces,  and  particularly  control 
^sticks,  control  wheels  and  columns,  and  flight 
control  surfaces)  should  be  protected  to  prevent 
deterioration  caused  by  movement  of  system  com- 
ponents. This  abrasive  deterioration  occurs  when 
the  wire  or  cable  rubs  together,  or  is  twisted  and 
bent  excessively.  As  a  design  objective,  bundles 
must  be  installed  to  twist  instead  of  being  bent 
across  hinges. 

9-75.  Wiring  that  you  install  in  wheel  wells 
or  other  open  areas  that  are  subject  to  excessive 
wind  and  flying  objects  should  be  protected  by 
flexible  tubing  or  installed  in  metal  conduit.  The 
wiring  installed  in  these  areas  (except  in  the 
metal  conduit)  should  be  inspected  frequently 
for  damage. 

9-76.  You  lace  or  tie  wire  groups  and  bundles 
for  ease  of  installation,  maintenance,  and  inspec- 
tion. By  keeping  all  cables  neatly  secured  in 
groups,  the  cable  does  not  chafe  against  equip*- 
ment  or  interfere  with  equipment  operation. 

9-77.  Tying  is  the  securing  together  of  a  group 
of  bundle  of  wires  by  means  of  individual  pieces 
of  cord  tied  around  the  group  or  bundle  at  regu- 
lar intervals  (see  fig.  29  part  A).  You  make  spot 
ties  whenever  the  bundle  supports  are  more  than 
12  inches  apart.  The  ties  should  be  spaced  12 
inches  or  less  apart.  Lacing  is  the  securing  to- 
gether of  a  group  or  bundle  of  wires  inside  in- 
closures  by  means  of  a  continuous  piece  of  cord 
forming  loops  at  regular  intervals  around  the 
group  or  bundle  (see  fig.  29,  part  B). 

9-78.  When  lacing  or  tying,  you  observe  the 
following  precautions: 

•  Lace  or  tie  bundles  tight  enough  to  pcevent 
slipping,  but  not  so  tight  that  the  cord  cuts 
into  or  deforms  the  insulation. 

•  Do  not  place  ties  on  that  part  of  a  wire 
group  that  is  located  inside  a  conduit. 

•  Lace  wire  groups  in  bundles  only  when  they 
are  inside  inclosures,  such  as  junction  boxes. 
Use  double  cord  on  groups  or  bundles  larger 
than  1  inch  in  diameter. 

9-79.  Compact  wire  bundles.  Compact  wire 
bundles  are  bejng  installed  in  newer  aircraft  to 
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Figure  30.   Protective  boot  on  compact  wire  bundle. 


save  weight  and  space  and  to  provide  better  pro- 
tection with  less  maintenance.  Compact  wire 
bundles  are  fabricated  from  hookup  wire.  This 
wire  has  thinner  wall  insijlation  and  is  less  abra- 
sion resistant.  Therefore,  a  braided  outer  jacket 
is  required  for  abrasion  protection.  Solderless 


electrical  connectors  used  on  these  harnesses  are 
crimped,  potted,  and  then  covered  with  a  pro- 
tective boot.  Tlie  boot  extends  back  from  the 
connector  shell,  covers  the  potting  compound,  and 
overlaps  the  braid  to  form  a  strong  moisture- 
proof  seal  (sec  fig.  30). 
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Figure  31.    Heat-ihrinking  tools  (for  compact  wire  bundles). 
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NOTE:  ALL  TERMINALS  SHOULD  BE  PLACED 
SO  THAT  MOVEMENT  WILL  TIGHTEN  NUT 
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Ingure  32.   Connecting  terminals  to  a  terminal  board. 

9-80.  Wires  inside  the  bundle  are  spitaled  in 
groups.  Each  group  is  composed  of  wires  that 
leave  the  bundle  at  the  same  point.  The  wire 
group  that  extends  the  greatest  distance  should, 
'be  placed  nearest  the  center.  Individual  wires 
which  branch  out  of  the  main  bundle  are  covered 
separately  with  shrink  sleeving.  A  wire  number 
is  stamped  on  this  sleeve,  and  the  sleeve  extends 
mto  the  braid  covering.  When  spare  wires  are 
provided,  they  extend  4  to  6  inches  from  the 
end  of  the  boot  and  are  termmated  in  thermofit 
end  caps,  as  shown  in  figure  30.  These  spare 
wires  are  secured  to  the  bundle  with  lacmg-tape 
ties.' 

9-81.  The  type  of  wire  and  the  protection 
used  for  the  fabrication  of  compact  wire  bundles 
have  created  situations  that  require  special  tech- 
niques for  reworking  the  bundles.  New  crimping 
tools  have  been  developed  for  installing  special 
solderless  connections.  The  thermofit  materials 
are  made  from  silicone  rubber  and  require  using 
new  heating  devices  never  before  used  in  wire 
maintenance. 

9-82.  A  special  heat-shrinking  process  is  used 
on  the  thermofit  materials  in  the  construction  and 
repair  of  compact  wire  bundles.  Thermofit  is  a 
material  with  special  qualities  which  will  shrink 
to  at  least  half  of  its  original  diameter  when 
heat  is  applied  to  iL  Thermofit  is  used  in  the 
construction  of  boots,  end  caps,  sleeving,  and 
^bing. 

9-83.'  Figure  31  shows  the  heat-shrinking  tools 
used  in  the  maintenance  of  compact  wire  bundles. 
The  special  adapters  and  reflectors  make  it  possi- 
ble to  shrink  most  of  the  thermofit  devices  with 
the  same  gun.  This  heat  gun  must  be  used  with 
extreme  care  because  of  its  high  operating  tem- 
perature. One  other  component  you,  as  an  cj 


trician,  will  encounter  is  the  terminal  block.  Let*s 
discuss  it  briefly. 

9-84.»  Terminal  blocks.  Terminal  blocks, 
sometimes  referred  to  as  terminal  boards  or  strips, 
are-  made-from  an  insulating-materiat  which  sup- 
ports and  also  insulates  a  series  of  terminals  from 
each  other  as  well  as  from  ground.  They  provide 
a  means  of ^Ifnnecting  termmals  inside  junction 
boxes  and  attribution  panels. 

9-85.  Terminals  should  be  installed  on  termi- 
nal boards  so  that  any  movement  will  tighten 
the  nuL  Figure  32  shows  the  different  ways  in 
which  this  may  be  done.  Part  A  of  figure  33 
shows  the  proper  method  of  stacking  the  re- 
quired washers,  and  terminals,  and  securing  nuts 
when  .connecting  two  copper  terminals  together 
on  the  same  terminal  board  connection.  Either 
a  standard  nonlocking  nut  or  a  self-locking  nut 
maybe  used  in  conjunction  with  the  lockwasher. 
However,  the  preferred  method  is  to  use  an 
anchor  nut,  or  self-locking  nut. 
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Figure  33.    Hardware  for  winng  icrminal  boards 
(aluminum  and  copper  terminals). 


46 


5i 


9*86.  Part  B  of  figure  33  shows  you  the  proper 
method  of  connecting  aluminum  terminals  to- 
gether  on  a  terminal  aboard.  Notice  that  in  this 
method  a  washer  is  used  between  the  bottom 
terminal, and. the  terminal  stud  nut.  The  washers 
that  make  physical  contact  with  aluminum  termi- 
nals should  be  cadmium-plated.  This  prevents 
the  dissimilar  metals  of  the  copper  stud  and  the 
aluminum  terminal  from  making  contact.  The 
dissimilar  metals  plus  moisture  will  cause  corro- 
sion. This  is  known  as  the  battery-effect  form 
of  corrosion. 

9-87.  Whenever  it  becomes  necessary  for  you 
to  join  copper  and  aluminum  terminals  together 
on  the  same  stud,  they  should  be  separated  by 
a  cadmium-plated  washer.  The ,  aluminum  ter- 
minal should  be  placed  on  the  bottom  with  an- 
other' cadmium-plated  washer  beneath  it.  A 
washer  is  never  used  between  two  aluminum 
terminals  or  two  copper  terminals.  Placing  a 
washer  in  this  position  only  increases  the  resist- 
ance of  the  connection. 

9-88.  One  fmal  area  of  discussion  concerning 
electrical  hardware  is  bonding  or  grounding 
straps.  These  straps  prevent  the  buildup  of  a 
static  charge  on  the  aircraft. 

9-89.  Bonding  and  grounding.  A  bond  is  any 
fixed  union  existing  between  two  metallic  objects 
that  results  in  electrical  conductivity  between 
then!.  Such  a  union  results  from  cither  physical 
contact  between  conductive  surfaces  of  the  ob- 
jects or  from  the  addition  of  a  firm  electrical, 
connection  between  them.  Aircraft  electrical 
bonding  is  the  process  of  obtaining  the  necessary 
electrical  conductivity  between  the  metallic  parts 
of  an  aircraft.  Aircraft  grounding,  a  term  closely 
associated  with  bonding,  refers  to  th6  electrical 
connection  made  from  a  conducting  object  to  the 
primary  structure  to  provide  a  return  path  for 
current. 

9-90.  Qouds  may  become  highly  charged,  as 
is  evidenced  by  lightning.  An  aircraft  in-flight 
may  also  become  highly  charged.  If  the  aircraft 
is  improperly  bondc^d,-  all^  metal  parts'  will  not 
have  the  same  amount  of  charge.  A  difference 
of  potential  wSl  then  exist  between  various  n^etal 
surfaces!  The  neutralization  of  the  charges,  flow- 
ing in  paths  of  varia'ble  resistance  due  to  inter- 
V  mittent  contact  caused  by  vibration  or  the  movc- 
\jnent  of  the  control  surface  will  ^produce  elec- 
mcai  disturbances  (noise)  in  the  radio  Receiver. 
If  the  resistance  between  isolated  metal  surfaces 
is  great  enough,  charges  can  ^umulate  until 
the  potential  difference  becomes  high  enough  to 
cause  a  spark.  This  creates  radio  interference  , 
and  constitutes  a  fire  hazard.  If  lightning  strikes 
the  aircraft,  a  good  conducting  path  is  necessary 
for  the  heavy  current  in  order  to  minimize  severe 


arcs  and  sparks  that  would  damage  the  aircraft 
and  possibly  its  occuJ)ants.  Bonding  does  the 
following  things:  \. 

•  Minimizes  radio  and  rao^  interferences  by 
equalizing  static  charges. 

•  Eliminates  a  fire  hazard  by  preventing 
static  charges  from  accumulating  between 
two  isolated  members  which  could  create 
a  spark. 

•  ^4inimizes  lightning  damage  to  the  aircraft 
and  its  occupants. 

•  Provides  the  proper  "ground"  for  proper 
functioning  of  the  aircraft  radio.* 

•  Provides  a  low-resistance  return  path  for 
single-wire  electrical  systejns. 

9-91.  Since  we  have  discussed  the  hardware 
that  will  be  common  to  you  as  an  electrician, 
let  us  review  t^e  tools  you  will  need  to  do  your 
job. 

9-92.  Electrical  Handtools.  Tools  of  any  kind 
are  only  as  good  as  the  individual  using  them. 
Naturally,  tools  wear  out  but  this  can  be  cor- 
rected. What  am  I  getting  at?  Know  each  of 
your  tools,  what  it  was  designed  for,  and  most 
of  all,  how  to  use  it.  By  doing  this,  you  will 
have  a  head  start  on  people  like  Al  LeCtric,  who 
waits  until  he  needs  a  tool  before  he  learns  to 
^use  it.  Let*s  start  with  the  wire-marking  machine 
and  then  continue  with  some  other  tools  that  you 
will  use. 

.  9-93.  Wire-marking  machine.  This  is  one  tool 
that  may  sit  on  the  shelf  for  6  months  before 
yoi^  need  it,  but  when  you  do  need  it,  there  is 
no  substitute.  Eigure  34  will  give  you  an  example 

^f  a  typical  hand-ojSeratcd  machine.  This  ma-* 
chine  *uses  an  electrical  heating  element  which 
applies  h^at  lo  the  typa  holder  and  type.  A  roll 
of  foil  is  positioned  between  the  type  and  the 
wire  to  be  marked.  The  wire  is  held  in  place 
by  a-  wire  guide,  and  a  lever  on  the  machinp 
b;ingi  the  ^  type  in  contact  with  foil  and^wire. 
Pressure  is  then  applied  to  the  foil  and  it  trans- 
fers marking  material  from  the  foil  to  the  wire. 
The  complete  operating  procedure  is>  given  in 
TO  1^1  A-U.  As  an  electrician,  in  addition  to 
marking  y/irc,  you  will  also  do  quite  a  bit  of 
soldering;  so  .Ipt's  di^cu^s  the  tools  used  for  this 
operation.   •  ^   ^  ^  ^      '  '  .  / 

9-94.  Sdldering  ^de^c€Si^f^<jcncT2\\^*  speaking,- 
y6u  use  either  a  soldering^,  iron'  or  a  ^Plderinj 
gun.  You  may  have'*  a  choice  .^n  many  cases^ 
Whichever  you  use,  ^eep  it  clean  and  'properly 
tinned.  This  is  .one  of  tl^e  secrets  to  good  solder^ 

'  ing. 

9-95.  If  you  are  issued' a  soldering  iron,  you 
will  probably  be  given  sevefaPtips.   These  will 
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Figure  35. 

come  in  assorted  sizes  and  shapes.  It  will  be 
up  to  you  to  use  the  correct  tip  for  the  job. 
When  you  solder  a  connector  plug,  use  a  lip  that 
will  give  you  sufficient  heat  without  burning  the 
insulation  from  adjacent  wires.  Again,  keep  it^ 
clean  and  tinned.  DO  NOT  lay  a  HOT  IRON 
where  someone  can  burn  himself. 

9-96.  Soldering  guns  come  in  a  variety  of 
shapes,  but  generally  all  of  them  have  a  tip  f6i 
doing  real  fine  or  intricate  work.  Most  of  the 
soldering  guns  are  controlled  by  a  trigger.  As 
long  as  the  trigger  is  depressed  the  heating  ele-  ^ 
ment  will  produce  heat  instantly. 

9-97.  Neither  of  these  soldering  devices  will 
produce  a  quality  solder  joint  every  time  unless  ^ 
you  know  what  you  arc  doing.  What  does  this 
mean?  It  means  each  electrician  (including  you) 
must  know  how  to  solder.  This  is  one  of  the 
most  important  jobs  in  maintaining  electrical  sys- 
tems.  You  will  save  yourself  many  headaches 
by  developing  a  good  soldering  technique,'  which 
comes  through  practice  and  experience. 
'  9-98.  The  crimping  tool  has  taken  the  place 
of  the  soldering  iron  in  many  places.  This  tool 
is  easy  to  use  and  does  not  require  any  electrical, 
power.  Since  you  also  use  the  crimping  tool, 
discuss  it  at  this  time. 

9-99.'  Crimping  tools.  Al  uses  water  pump  or 
diagonal  pliers  for  his  terminal  crimping  jobs. 
Naturally,  you  are  the  guy  who  has  to  replace 
Ars  goofs  so  we  need  to  discuss  the  right  tool 
for  criniping. 


Crimpers. 

9-100.  Figure  35  will  g^ve  you  an  idea  of  the 
types  of  crimpen  you  may  encounter.  These 
tools  make  a  flat  type  crimp,  but  some  crimpers 
iijbke  an  indent  type  crimp.  The  indent  type 
<:rimping  tool  should  be  used  only  on  the  non- 
insulated  terminals  or  splices.  If  this  type  crimp- 
ing tool  is  used  on  a  preinsulated  terminal  or 
splice,  it  wiir  damage  the  insulation  and  cause 
a  short  or  ground.  For  this  reason  they  ye  being 
replaced. 

'9-101.  The  flat  type  crimping  tool  is.  used 
with  the  preinsulated  terminals  and  splices. 
These  crimpers  wiU  crimp  a  variety  of,  terminal 
sizes.  To  choose  the  right  one,  check  the  color 
oode  or  numerical  coding  on  the  todl.  This  color 
or  numerical  code  determines  the  size  of  splice 
or  terminal  the  tool  -will  crimp.  Before  any  of 
these  termmals  or  splices  can  be  crimped,  the 
wire  has  to  be  stripped.  To  do  this  you  need  a 
wire  stripper,  which  is  the  final  tool  we  discuss. 

9-102.  'Wir/stripper.  This  device  rfcmoves  the 
insulation  from  an  electrical  wire.  The  one  that 
you  encounter  on  the  flight  line  will  be,  in  most 
cases,  either  a  hand  stripper  or  a  common  jack 
knife.  * 

9-103.  Figure  36  illustrates  the  strippers  you 
use  on  the  flight  line.  However,  if  you  would 
like  to  see  others  look  in  TO  l-lA-14.'  The  main 
thing  to  remember  jn  using  a  wire  stripper  is  not 
to  damage  the  wire  strands.  A* good  look  at 
figure  37  and  a  few  hours  of  experience  will 
make  you  proficient  in  the  task  of  stripping  wire. 


9-1P4.  The  electrical  handtools  we  have  dis- 
cussed are  not  ygur  complete  issue  of  tools.  You 
have  others  and  you  need  to  know  wh^at  each  . 
one  does.  If  you  keep  them  clean  and  use  them 
for  the  job  for  *which  they  were  designed,  they 
will  make  your  job  easier. 

9-  105.  The  tool  we  use  to  keep  aircraft  clean 
and  in  operational,  status  is^an  aircraft  inspection 
system.  Let's  turn  our  attelJtion  to  the  inspection 
requirements  of  the  electrical  system. 

10.  Aircraft  El«€tricai  System  Inspections 

10-  1.  Why  do  we  have  to  inspect  the  electri- 
cal system?  Why  not  wait  until  a  problem  exists 
before  looking  for  one?  You  have  probably 
heard  these  questions  before,  or  maybe  you  have 
asked  them.  You  have  probably  heard  this  re- 
mark also,  "I  never  find  anything  wrong,  so  why 
worry  about  it."  This  sounds  like  Al  Lectric 
talking.  People  of  this  caliber  generally  think  this 
way.  Fm  sure  this  lloesn't  include  you;  you  are 
the  professional. 

'  10^2.  Purpose  of  Inspections.  Aircraft  inspec- 
tions are  designed  to  prevent  aircraft  disablement 


and  flight  schedule  interruption.  It  is  much 
easier  to  locate  and  fix  a  discrepancy  when  the 
aircraft  is  in  for  inspection  than  to  wait  until  it  is 
loaded  and  ready  for  flight. 

10-3.  As  an  aircraft  electriciarf,  jjou  are  re- 
quired to  inspect  aircraft  electrical  systems.  Do 
you  know  what  you  are  supposed  to  look  for 
when  you  perform  an  inspection?  Obviously,  no 
inspection  can  be  a  random,  hit-or-miss  affair; 
each  must  be  conducted  in  an  orderly  sequence 
so  that  every  important  item  is  inspected. 

10-4.  Inspections  of  electrical  systems  are  cov- 
ered in  great  detail  in  Technical  Order  8-i-l, 
/4/rcra/r  Electrical  System  Inspection  Procedures, 
YoiNsliould  become  familiar  with  the  contents 
of  this  technical  order  because  it  tells  you  the 
conditions  that  should  exist  in  all  electrical  sys- 
tems, as  well  as  those  that  should  not  exist.  The 
items  of  inspection  that  pertain  only  to  an  elec- 
trical system  for  a  particular  aircraft  are  listed  in 
the  inspection  workcards  for  that  aircraft.  For 
now,  let's  discuss  the  conditions  that  should  exist 
in  ail  electrical  systems. 
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Figure  36.  Strippers. 
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10-5.  Inspection  Data.  All  aircraft  electrical 
wiring  must  be  installed  so  that  it  is  mechanically 
and  electrically  sound  .and  neat  in  appearance. 
You  should  protect  wires  and  wire  groups  from 
thefollowicg: 

•  Chafing  or  abrasion. 

•  High  temperature. 

•  Possible  use  as  a  handhold,  or  as  support 
for  equipment  or  personal  belongings... 

•  Damage  from  cargo  b^ng  stored  or  shifted. 

•  Damage  from   personnel   moving  about 
within  the  aircraft. 

•  Damage  from  battery  acid  or  fumes. 

•  Damage  from  volatile  fluids  or  solvents. 

•  Abrasion  in  the  wheel  well  areas. 

10-6.  As  far  as  possible,  you  should  keep 
wires  separate  from  high-temperature  equipment, 
such  as  resistors,  heating  ducts,  and  exhaust 
pipes.  When  it  is  necessary  for  you  to  route 
wires  through  hot  areas,  they  must  be  insulated 
with  fiberglass,  abestos,  or  teflon.  In  some  cases, 
conduit  may  be  specified.  In  these  cases,  use 
conduit  with  high*temperature  liners,  or  use  high- 
temperature  plastic  tubing. 

10-7.  You  must  protect  wire  and  wire  groups 
against  chafing  or  abrasion  where  contact  \vith 
sharp  surfaces  or  other  wires  might  damage  the 
insulation.  Damaged  insulation  may  result  in 
shorted  circuits,  malfunction,  or  inadvertent  op- 
,  eration  of  the  equipment.  When  wires  pass 
through  a  bulkhead,  they  must  be  installed  with 
a  clamp.  If  the  wires  come  closer  than  one-fourth 
^ch  to  the  hole,  you  should  use  a  suitable  grom- 
liiet  to  protect  the  wire  insulation.  If  it  is  neces- 
sary to  cut  the  grommet  to  facilitate  installation, 
cut  through  the  grommet  at  a  45®  angle.  Wires 
or  wire  bundles  should  be  installed  so  that  they 
are  protected  by  the  aircraft  structure.  Conduit 
should  be  used  to  prevent  cargo  from  pinching 
the  wires  against  the  airframe.  Bundles  should 
be  placed  so  that  personnel  are  not  tempted  to 
use  them  as  handholds  or  ladder  rungs. 

10-8.  You  should  not  route  wires  under  a  bat- 
tery. Wires  installed  in  the  vicinity  of  a  battery 
should  be  inspected  frequently.  Any  wires  that 
are  discolored  by  battery  fumes  should  be  re- 
placed. 

10-9.  Avoid  routing  wires  in  areas  where  they 
might  be  damaged  by  fluids.  Wires  should  never 
be  routed  in  the  lowest  6  inches  (bilge)  of  the 
aircraft,  or  in  any  other  area  where  spilled  liquids 
might  collect.  If  there  is  a  possibility  that  a  wire 
without  a  nylon  jacket  might  be  exposed  to  fluids, 
it  should  be  covered  with  plastic  tubing  for  pro- 
*  tcction.  If  you  use  plastic  tubing  to  protect  wir- 
ing, the  tubing  should  extend  beyond  the  possible 
wet  area  to  each  end  and  be  securely  tied.  The 


lowest  point  of  tubing  in  dry  areas  should  have  a 
Vi-inch  drain  hole. 

10-10.  Wires  that  are  located  in  wheel  wells 
or  wing-fold  areas  are  subject  to  many  a^^itional 
hazards,  such  as  pinching,  flexing,  and  exposure 
to  fluids.  You  should  cover  all  wirfes  in  such 
areas  with  flexible  plastic  tubing  >tied  securely  at 
each  end.  There  should  be  no  relative  move- 
ment at  points  where  the  flexible  tubing  is  se- 
cured. The  wiring  located  in  these  particular 
areas  should  be  inspected  frequently  in  accord-' 
ance  with  applicable  directives  and  replaced  or 
repaired  at  the" first  sign  of  wear.  There  should 
be  no  strain  on  the  wire  assemblies  when  the 
parts  are  fully  extended,  but  the  slack  should 
not  be  excessive. 

10-11.  You  must  always  route  elettrical  wiring 
parallel  to  combustible  fluid  or  oxygen  lines  and 
separate  it  from  th^  lines  by  at  least  6  inches. 
The  wires  should  be  routed  on  a  level  with,  or 
above,  the  plumbing  lines.  The  wires  should  be 
clamped  in  such  a  manner  that  if  a  wire  breaks 
at  a  clamp  it  will  not  come  in  contact  with  the 
plumhing  line.  When  the  wires  must  be  routed 
closer  than  6  inches  from  the  plumbing  lines, 
clamp  both  the  plumbing  line  and  the  wire 
bundle  to  the  same  structure  to  prevent  relative 
motion.  It  may  be  necessary  to  use  a  nylon 
sleeve  over  the  wire  bundle  to  give  further  pro- 
tection. Use  two  cable  cla^aps  to  maintain  sep- 
aration. The  clamps  are  used  for  separation 
only — not  for  supporting  the  bundle.  Under  no 
circumstances  should  wires  be  routed  within  !^ 
inch  of  a  plumbing  liner  Plumbing  line^  carrying 
flammable  liquids  or  oxygen  should  not  be  used 
to  support  wire  or  wire  bundles.  , 

10-12.  Wiring  should  be  routed  to  maintain  a 
minimum  clearance  of  3  inches  from  all  controf 
cables.  If  you  cannot  maintain  this  clearance, 
install  mechanical  guards  to  prevent  ^e  wire 
from  coming  into  cpntact  ^th^he  control  cables. 

10-13.  Wire  and  wire  bodies  should  be  sup- 
ported by  clamps  or  grommets  at  intervals  of  not 
more  than  24  inches.  The  approved  clamp  for 
Air  Force  use  is  type  MS21919,  which  is  cush- 
ioned with  insulating  material.  You  should  never  * 
use  clamps  without  cushioning  material  to  sup- 
port wire.  A  type  AN735  clamp  should^  be  used 
to  clamp  wire  to  a  tubular  structure. 

10-14.  Wire  bundles  should  be  rotated  so  that 
they  are  parallel  to  the  rib  structure  of  the  air- 
craft or  at  right  angles  to  the  rib  structure.  Avoid 
routing  the  wire  bundle  at  ah  angle  to  the  aircraft 
rib  structure.  Wires  or  wire  bundles  should  be 
installed  so  that  the  slack  between  clamps  should 
not  exceed  one-half  inch  with  normal  hand  pres- 
sure. The  slack  must  never  be  so  great  that  the 
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wire  or  wire  bundle  can  come  in  contact  with  a 
surface  that  might  cause  abrasion.  However,  re- 
member as  we  mentioned  previously,  there  must 
be  sufficient  slack  to  do  the  following: 

•  Permit  easy  maintenance. 

•  Allow  replacements  of  terminals  at  least  two 
times. 

t  Prevent  mechanical  strain. 

•  Permit  free  movement  of  shock-mounted 
equipment, 

•  Permit  shifting  of  equipment  for  mainte- 
nance purposes. 


10-15.  Wire  bundles  inside  junction  boxes 
must  be  supported  by  cushioned  cable  clamps 
across  hinged  doors.  The  correct  method  is  to 
twist  the  wires  across  the  hinge  when  the  door  is 
Ojjened.  The  incorrect  method  causes  the  wires 
to  bend  when  the  door  is  opened  and  damages 
the  wire  or  insulation. 

10-16.  Wire  bundles  should  be  attached  to  the 
walls  of  junction  boxes  in  such  a  manner  that 
there  is  no  chafing  against  the  terminal  studs  or 
other  components  in  the  box.  Any  slack  that  is 
required  for  germinal  rework  must  be  tied  to  pre- 
vent snagging. 
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Portable  Test  Equipment  for  the  Electrician 


IN  THE  FIELl5  of  electricity,  as  in  all  other 
physical  sciences,  accxirate  quantitative  meas- 
urements are  essential.  This  involves  two  impor- 
tant items,  numbers  and  units.  The  numbers  are 
simple  arithmetic  in  most  cases,  and  the  units  are 
well  defined  and  easily  understood.  Standard 
units  of  cunent,  voltage,  and  resistance,  as  well 
tas  many  other  units  of  measurement,  have  been 
defined  earlier  in  this  volume. 

2.  As  an  electrician,  you  will  work  with  am- 
meters, voltmeten,  and  ohmmeters,  as  well  as 
special  test  equipmcrit  that  will  be  covered  as  we 
progress  through  this  course.  It  is  important  that 
you  have  a  good  undentanding  of  the  function, 
design,  and  operation  of  electrical  instruments. 
In  your  work  you  use  the  following  equipment  to 
determine  if  the  circuits  of  a  system  or  a  system 
cbmppnent  are  operating  properly: 

NrAn  ammeter  to  measure  the  amount  of  cur- 
rent flowing  in  a  circuit. 

•  A  voltmeter  to  determine  the  voltage  exist- 
ing between  two  points  in  a  circuit. 

•  An  ohmmeter  or  a  megger  (megohmmeter) 
to  measure  circuit  continuity  and  total  or 
partial  circuit  resistance. 

3.  You  may  also  find  it  necessary  to  deter- 
mine the  total  power  being  consumed  by  certain 
equipment;  in  which  case,  you  will  have  to  use  a 
wattmeter.  For  measuring  other  quantities,  such 
as  power  factor  and  frequency,  you  will  need  to 
use  still  other  types  of  electrical  instruments. 

4.  In  each  case  the  instrument  indicates  the 
value  of  thc^uantity  measured,  and  you  interpret 
this  information  to  understand  the  way  the  sys- 
tem or  component  is  operating. 

5.  Let  us  point  out  again,  that  as  an  elecuncian, 
you  need  a  thorough  understanding  of  >the  opera- 
tion and  limitations  of  various  types  of  electrical 
measuring  equipment  coupled  with*1he  thdory  of 
circuit  operation.  This  is  most  essential  in  trouble- 
shooting, servicing,  and  maintaining  electrical 
systems  and  equipment.  Before  we  can  discuss 
different  types  of  meters,  we  must  first  review 


the  basic  meter  movements,  the  first  of  which  will 
be  the  D'Arsonval. 

11*  Meters 

11-1.  Most  of  the  electrical  quantities  can  be 
measured  by  meters  that  indicate  the  value  in 
terms  of  a  specific  unit  on  a  calibrated  scale. 
Different  types  of  construction  are  used  in  the 
manufacture  of  meters,  largely  because  of  their 
various  uses.  Regardless  of  use,  the  heart  of  an 
electrical  meter  is  the  meter  movement. 

11-2.  D'Arsonval  Meter  Movement.  The  elec- 
trical energy  that  is  applied  to  the  movement  is 
changed  into  mechanical  energy.  This  results  in 
needle  movement  across  a  calibrated  scale  to  pro- 
vide a  visual  indication  of  the  amount  of  the 
electrical  element  being  measured.  Of  the  many 
types  of  meter  movements  that  have  been  de-  \ 
signed  and  used,  the  moving-coil  movement  is 
the  most  important.  You  find  this  movement  in 
most  bf  your  test  instruments,  and  it  will  be  dis- 
cussed here. 

11-3.  The  reaction  between  a  stationary  mag- 
netic field  and  the  magnetic  field  Sfound  a  DC 
coil  provides  the  turning  force  for  moving  the 
coil  in  the  moving-coil  type  meter.  The  current 
in  the  coil  creates  a  magnetic  force  field  which 
reacts  with  th<  stationary  magnetic  field  in  which 
the  coil  is  placed.  This  reaction  results  in  rotation 
of  the  coil.  To  produce  a  useful  interaction,  the 
current  flow  in  the  coil  must  always  be  in  the 
same  direction  and  of  the  proper  polarity.  There- 
fore, the  n;oving-coil  meter  (D'Arsonval  type)  is 
basically  a  DC  insthiment.  This  meter  move- 
ment can  be  made  so  sensitive  that  a  few  micro- 
amperes of  current  will  swing  the  pointer  across 
the  entire  scale.  If  the  pointer  and  zero  indica- 
tion are  placed  at  the  center  of  the  scale,  the 
movement  can  be  u?ed  for  making  accurate  re- 
sistance, capacitance,  and  inductance  measure- 
ments in  bridges  and  can  be  modified  for  such  use 
as«a  DC  ammeter  or  a  voltmeter.  It  can  be  made 
to^mcasurc  AC  by  applying  the  AC  to  the  meter 


through  a  suitable .  rectifier  and  measuring  the 
rectified  current. 

11-4.  Because  thiS%ieter  movement  is  rugged, 
accurate,  and  capable  of  measuring  DC  voltages 
and  current,  AC  voltage,  and  also  resistance,  it 
is  used  in  ^he  multimeter.  The  multimeter  is  a 
combination  volt-ohm-milliatmeter. 

11-5.  Sensitivity.  Meter  sensitivity  be  de- 
fined in  two  ways,  as  the  amount  of  current  nec- 
essary for  full-scale  deflection  and  as  ohms-pcr- 
volt.  Sensitivity  may  vary  from  5  microamperes 
to  approximately  50  milliamperes;  and  the 
smaller  the  amount  of  current  necessary  for  full- 
scale  deflection  of  the  meter,  the  greater  the 
sensitivity.  The  sensitivity  in  ohms-per-volt  is  de- 
termined by  the  amount  of  resistance  that  must 
be  placed  in  series  with  the  meter  to  cause  full-  < 
scale  deflection  when  an  EMF  of  1  volts  is  ap- 
plied. 

11-6.  Overshooting  and  the  tendency  of  the 
pointer  to  oscillate  are  overcome  by  a  process 
known  as  damping.  As- the  coil  rotates,  a  CEMF 
is  generated  in  the  nonmagnetic  shell  upon  which 
the  coil  is  wound.  The  currents  resulting  from 
this  CEMF  produce  a  magnetic  field  that  opposes 
the  field  established  by  the  moving  coil.  The 
*  net  result  of  the  two  opposing  fields  is  to  slow 
down  the  turning  rate  of  the  moving  coil  and 
make  it  possible  for  the  coil  to  reach  the  proper 
position  without  overstiooting  or  oscillating. 

11-7.  Ammeter.  An  ammeter  is  designed  to 
measure  current,  and  it  must  be  connected  in 
series  with  the  circuit  so-  that  all  the  current 
passes^  through  it.  This  also  means  that  in  order, 
to  prevent  an  appreciable  decreTase  in  circuit  cur- 
rent the  total  resistance  of  the  amn^eter  must  be 
low.  In  actual  practice,  it  is  often  necessary  to 
measure  currents  that  are  greater  than  the 'full'' 
current  range  of  a  given  meter.  To  permif  these, 
measurements,  it  is  necessary  to  use  the  laws  of 
parallel  circuits  and  connect  a  low  resistance  con- 
ductor in  parallel  with  the  meter.  When  used  for 
this  purpose,  the  low  resistance  conductor  is 
called  a  shunt  and  it  becomes  a  part  of  the  ~ 
ammeter. 

11-8  When  the  amme<#.  consisting  of  the' 
meter  and  shunt  in  parallel,  is  connected  in-series 
with  the  circuit,  the  current  will  divide  so  that  the 
moving  coil  and  the  shunt  will  each  carry  a  pro- 
portionate part.  Like  any  parallel  circuit,  the 
current  in  the  two  paths  is_  proportional  to  the 
resistance  of  the  branch  Therefore,  by  proper 
selection,  a  shunt  can  be -found  that  will  carry 
any  desired  portion  of  the  total  current.  Since 
this  proportion  between  meter  current  and  shunt 
rurrent  always  remains  the  same,  the  meter  scale 
can  then  be  calibrated  to  indicate  the  total  cur- 
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rent,  although  the  moving  coil  carries  only  a 
portion  of  it. 

11-9.  Current-measuring  instruments  must  al- 
ways be  connected  in  series  with  a  circuit  and 
never  in  parallel  with  it.  If  an  ammeter  were 
connected  across  a  constant-potential  source  of 
appreciable  voltage,  the  shunt  would  become  a 
short  circuit  and  the  meter  would  burn  out. 

11-10.  If  the  approximate  value  of  current  in 
a  circuit  is  not  known,  it  is  best  to  start  with  the 
highest  range  of  the  ammeter  and  switch  to 
progressively  lower  ranges  until  a  suitable  read- 
ing is  obtained. 

11-11.  Most  ammeter  needles  indicate  the 
magnitude  of  the  current  by  being  deflected  from 
left  to  right.  If  the  meter  is  connected  with  re- 
versed polarity,  the  needle  will  be  deflected  back- 
wards, and  this  action  may  damage  the  move- 
ment. Hence  the  proper  polarity  should  be 
observed  in  connecting  the  meter  in  the  circuit. 
That  is,  the  meter  should  always  be  connected  so 
that  the  meter  terminals  are  connected  to  like 
polarities  ih  the  circuit, 

.  11-12.  Voltmeter.  Voltmeters  are  designd  to 
measure  electrical  pressure,  and  the  scale  is  cali- 
brated directly  in  terms  of  volts.  The  D'Arson- 
val,  or  moving-Co^  meter  may  be  used  in  the 
construction  of  a  voltmeter.  However,  there  arp 
a  few  things  to  be  considered.  In  the  first  place, 
voltage  is  a  difference  in  potential  between  two 
points;  and  to  measure  it,  the  meter  must  be  con- 

^  nected  directly  across  the  two  points. 

11-13.  A  second  factor  to  be  considered  is 

'  that  the  toil  of  the  meter  is  moved  by  the  mag- 
netic effect  of  an  electrical  current.'  Because  the 
resistance  of  the  coil  is  purposely  kept  low,  the 
current  must  not, be  allowed  to  exceed  that  re- 

,  quired  for  full-scale  deflection.  A  voltmeter  thus 
operates  becauft  of  the  current  through  it,  but  the 
scale  is  calibrated  to  indicate,  not  the  current, 

.  but  the  voltage  necessary;  to  cause  the  current  in 
the  coil.  '  ■ 

11-|,4.  The  lOO-microampere  D'Arsotvval  me- 

'  ter  used  as  the  basic  meter  for  the  ammeter  may 
also  be  used  to  measure  voltage  if  a- very. high 

'resistance  is  placed  in  series  with  the  moving  coil 
of  the  meter.  For  low-range  instriiments,  this 
resistance  is  mounted  inside  Xh^  case  with  the 
D'Arsonval  movement,  Typically,  this  resist-  * 
ancc  consists  of  a  resistance  wire  having  a  low- 
temperature  coefficient  and  wound  either  on 
spools  or  card  frames.  For  higher  voltage  ranges, 
the  series  resistance  may  be  connected  externally. 
When  this  is  done,  the  unit  containing  the  resist- 
ance is  conmionly  called  a  multiplier. 

11-15.  Multirange  voltmeters  use  a  single 
meter  movement  with  the  multiplier  resistance 
connected  in  series  with  the  meter  by  a  con- 


Co 


S2> 


venicnt  switching  anangcment.  The  total  circuit 
resistance  for  each  of  three  ranges  (1,  100,  and 
1000  volts')  beginning  with  the  1-volt  range  may 
be  found  by  dividing  the  voltage  by  the  current 
^in  microamperes)  which  gives  the  resistance  in 
megohms  as  follows: 
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=:  0.01  megohm 
=  1  megohm 
=^    10  megohms 


11-16.  Sensitivity.  The  sensitivity  of  a  volt- 
meter is  given  in  ohms  per  volt  (Sl/W),  The 
Sensitivity  can  be  increased  by  increasing  the 
strength  of  the  permanent  magnet,  by  using 
lighter  weight  materials  for  the  moving  element 
(consistent  with  increased  number  of  turns  on 
the  coil),  and  by  using  sapphire  jewel  bearings 
to  support  the  moving  coil 

11-17.  Accuracy.  The  accuracy  of  a  meter  is 
generally  expressed  in  percent  For  example, 
consider  a  meter  that  has  an  accuracy  of  1  per- 
cent of  the  correct  value.  The  statement  means 
that  if  the  correct  value  is  100  units,  the  meter 
indication  may  be  anywhere  within  the  range  of 
-99  to  101  units. 

11-18.  VoUmtter  connections.  Voltage-meas- 
uring instruments  are  connected  across  (in  paral- 
lel with)  a  circuit.  If  the  approximate  value  of 
the  voltage  to  be  measured  is  not  known,  it  is 
best  to  start  with  the  highest  range  of  the  volt- 
meter and  lower  the  range  progressively  until  a 
suitable  reading  is  obtained. 

1 1-19.  In  many  cases,  the  voltmeter  is  not  a 
central  zero  indicating  instrument.  Thus,  it  is 
necessary  to  observe  tfje  proper  polarity  when 
connecting  the  instrument  to  ,the  circuit,  as  is  the 
case  in  connecting  the  DC  ammeter.  The  posi- 
tive terminal  of  the  voltmeter  is  always  connected 
to  the  positive  terminal  of  the  source,  and  the 
negative  terminal  is  connected  to  the  negative 
terminal  of  the  source  when  the  source  voltage 
is  being  measured.  In  any  case,  the  voltmeter  is 
connected  so  that  electrons  will  flow  into  the 
negative  terminal  and  out  of  the  positive  terminal 
of  the  meter. 

11-20.  The  function  of  a  voltmeter  is  to  indi- 
cate the  potential  difference  between  two  points 
in  a  circuit.  When  the  voltmeter  is  connected 
across  a  circuit,  it  shunts  the  circuit.  If  the  volt- 
meter  has  low  resistance,  it  will  draw  an  ap- 
preciable amount  of  current.  The  effective  re- 
sistance of  the  circuit  will  be  lowered^r  and  the 
voltage  reading  will  consequently  be  lowered. 
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11-21.  When  voltage  measurements  are  made 
in  high-resistance  circuits,  it  is  necessary  to  use  a 
high-resistance  voltmeter  to  prevent  the  shunting 
action  of  the  meter.  The  effect  is  less  noticeable 
in  low-resistance  circuits  because  the  shunti^ig 
effect  is  less. 

11-22.  Electrodynamometer  AppUcations*  The 
electrodynamometer  type  meter  differs  from  the 
^  D'Arsonval  type  meter  in  that  no  permanent 
magnet  is  used.  Instead,  two  fixed  coils  are  used 
to  produce  the  magnetic  field.  Two  movable  coils 
are  also  used  in  this  type  meter. 

11-23.  Voltmeter.  When  used  as  a  voltmeter, 
no  difficulty  in  construction  is  encountered,  be- 
cause the  current  required  is  not  more  than  0.1 
ampere.  This  amount  of  current  can  be  brought 
in  and  out  of  the  moving  coil  through  the  springs. 
When  the  electrodynamometer  is  used  as  a  volt- 
meter, the  fixed  coils  are  wound  with  fine  wire 
since  the  current  through  them  will  be  no  more 
than  0.1  ampere.  They  are  connected  directly 
in  series  with  the  movable  coil  and  the  series 
currcnt-limiter  resist^ce.  For  ammeter  applica- 
tions, however,  a  special  type  of  construction 
must  be  used,  because  the  large  currents  that 
flow  through  the  meter  cannot  be  carried  through 
the  moving  coils. 

11-24.  Ammeter.  In  the  ammeter  the  station- 
ary coils  are  generally  wound  of  heavier  wire  to 
carry  up  to  5  amperes.  la  parallel  with  the  mov- 
ing coils  is  an  inductive  shunt,  which  permits  only 
a  small  part  of  the  total  current  to  flow  through 
the  moving  coil.  This  current  through  the  moving 
coil  is  directly  proportional  to  the  total  current 
through  the  instrument.  Because  the  shunt  has 
the  same  ratio  of  reactance  ^  resistance  as  has 
the  moving  coil,  the  instrument  will  be  reason- 
ably correct  at  all  frequencies  with  which  it  is 
designed  to  be  used. 

11-25.  The  meter  is  mechanically  damped  by 
means  of  aluminum  vanes  that  nlove  in  inclosed 
air  chambers.  Although  electrodynamometer  type 
meters  are  very  accurate,  they  do  not  have  the 
sensitivity  of  the  D'Arsonval  type  meter. 

11-26.  We  have  covered  applications  of  meter 
movements  for  voltage  and  amperage  measure- 
ments. Now  let's  consider  their  use  for  resistance 
measurement. 

11-27.  Measuring  Resistance.  The  two  instni- 
ments  most  commonly  used  to  check  the  con- 
tinuity or  to  measure  the  resistance  of  a  circuit  or 
circuit  element  are  the  ohmmeter  and  the  megger 
(megohmmeter).  The  ohmmeter  is  widely  used 
to  measure  resistance  and  check  the  continuity  of 
electrical  circuits  and  devices.  Its  r;mgc  usually 
extends  to  only  a  few  megohms.  The  megger  is 
widely  used  for  measuring  insufation  resistance, 
such  as  between  a  wire  and  the  outer  surface  of 
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its  insulation,  or  such  as  insulation  resistance  of 
cables  and  insulators.  The  range  of  a  megger 
may  extend  to  more  thjin  1,000  megohms. 

11-28.  Ohmmeter ^Thc  ohmmeter  consists  of 
a  DC  milliammeter,  as  discussed  earlier  in  this 
chapter,  with  a  few  added  features.  The  added 
features  are  as  follows: 

•  A  DC  source  of  potential  (usu^Hy^a  dry 
cell  battery). 

•  One  or  more  resistors  (one  of  which  is  vari- 
able). ^ 

11-29.  The  ohmmetcr*s  pointer  deflection  is 
controUed  by  the  amount  of  battery  current  pass- 
ing through  the  moving  coil.  Before  measuring 
the  resistance  of  an  unknown  resistor  or  electri- 
cal circuit,  the  test  leads  of  the  ohmmeter  are 
first  shorted  together.  With  the  leads  shorted,  the 
meter  is  calibrated  for  proper  operation  on  the 
selected  range.  (While  the  leads  are  shorted, 
meter  cwent  is  maximum  and  the  pointer  de- 
flects a  maximum  amount  somewhere  near  the 
zero  position  on  the  ohms  scale).  When  the 
variable  resistor  (rheostat)  is  adjusted  properly, 
with  the  leads  shorted,  the  pointer  of  the  meter 
will  come  to  rest  exactly  on  the  zero  graduation. 
This  indicates  ZERO  RESISTANCE  between  the 
test  leads,  which,  in  fact,  are  shorted  together. 

11-30.  The  zero  readings  of  series  type  ohm- 
meters  are  somedines  on  the  right-hand  side  of 
the  scale,  whereas  the  zero  reading  for  ammeters 
and  voltmeters  is  generally  to  the  left-hand  side 
of  the  scale.  When  the  test  leads  of  an  ohm- 
meter are  separated,  the  pointer  of  the  meter  will 
return  to  the  left  side  of  the  scale  due  to  the 
interruption  of  current  and  the  spring  tension  act- 
ing on  the  movable  coil  assembly.  After  the 
ohmmeter  is  adjusted  for  zero  reading,  it  is  ready 
to  be  connected  in  a  circuit  to  measure  resistance. 

11-31.  The  power  switch  of  the  circuit  to  be 
measured  should  always  be  in  the  OFF  position. 
This  prevents  the  circuit's  source  voltage  from 
being  applied  across  the  meter,  which  could 
cause  damage  to  the  meter  movement.  The  test 
leads  of  the  ohmmeter  are  connected  across  (in 
series  with)  the  circuit  to  be  measured.  This 
causes  the  current  produced  by  the  meter's  bat- 
tery to  flow  through  the  circuit  being  tested. 
The  amount  of  current  that  flows  through  the 
meter  coil  will  depend  on  the  resistance  of  re- 
sistors plus  the  resistance  of  the  meter.  Since 
the  meter  has  been  readjusted  to  zero,  the 
amount  of  coil  movement  now  depends  solely 
on  the  resistance  of  the  circuit  under  test.  The 
pointer  will  come  to  rest  at  a  scale  figure  indi- 
cating the  combined  resistance  of  the  circuit  being 
tested.  Movement  of  the  moving  coil  is  propor- 
tional to  the  amount  of  current  flow.  The  scale 


reading  of  the  meter^  in  ohms,  is  inversely  pro- 
portional to  curemt  flow  in  the  moving  coil. 

11-32,  The  amount  of  circuit  resistance  to  be 
measured  may  vary  over  a  wide  range.  In  some 
cases  it  may  be  only  a  few  ohms,  and  in  others  it 
may  be  as  great  as  1,000,000  ohms.  To  enable 
the  meter  to  indicate  any  value  being  measured^ 
with  the  least  error,  scale  multiplication  figures 
are  incorporated  in  most  ohmmeters.  For  exam- 
ple, a  typical  meter  will  have  four  test  lead  jacks 
marked  as  follows:  COMMON,  R  X  1,  R  X  10, 
and  'R  X  100.  The  COMMON  jack  is  connected 
internally  through  the  battery  to  one  side  of  the 
moving  coil  of  the  ohmmeter.  The  jacks  R  X  1, 
R  X  10,  and  R  X  100  are  connected  to  three 
different  size  resistors  located  within  the  ohmme- 
ter. Therefore,  the  meter  must  be  "zeroed"  for 
each  scade. 

11-33.  Some  ohnmieters  are  equipped  with  a 
selector  switch  for  selecting  the  multiplication 
scale  desired  so  that  only  two  test  lead  jacks  are 
necessary.  Other  meters  have  a  separate  jack 
for  each  range.  The  range  to  be  used  in  measur- 
ing any  particular  unknown  resistance  depends 
on  the  approximate  ohmic  value  of  the  unknown 
resistance. 

11-34.  It  always  takes  the  same  amount  of 
current  to  deflect  the  pointer  to  a  certain  position 
on  the  scale  (midscale- position,  for  example) 
regardless  of  the  multiplication  factor  being  used. 
Since  the  multiplier  resistors  are  of  different 
values,  it  is  necessary  to  always  "zero*'-adjust 
the  meter  for  each  multiplication  factor  selected. 
You  should  select  the  multiplication  factor  that 
will  result  in  the  pointer  coming  to  rest  as  near  as 
possible  to  the  midpoint  of  the  scale.  This  en-  . 
ables  you  to  read  the  resistance  more  accurately, 
because  the  scale  readings  are  more  easily  in- 
terpreted at  or  near  midpoint. 

11-35.  When  you  use^  the  ohmmeter,  take 
care  to  avoid  connecting  the  ohmmeter  across 
circuits  in  which  a  voltage  exists,  since  such  a 
connection  can  result  in  damage  to  the  meter. 
Although  the  power  switch  normally  performs 
the  function  of  removing  applied  voltage  from 
the  equipment,  the  switch  itself  can  be  defective. 
Therefore,  to  insure  the  removal  of  all  voltage  to 
the  equipment  under  test,  disconnect  the  source 
of  input  voltage  by  removing  the  power  plug. 
Batteries  or  bias  cells  to  provide  fixed  bias  or 
other  operating  voltages  may  be  included  in  the 
circuits  under  test,  and  the  ohmmeter  must  not 
be  connected  across  these  sources  of  voltage. 
All  capacitors  must  be  discharged  before  the 
ohmmeter  prods  are  connected  in  the  circuit, 
since  charges  remaining  on  capacitors  after  the 
applied  voltage  has  been,  removed  can  damage 
the  meter  severely.   Because  the  resistance  of 
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circuit  elements  in  a  heated  condition  may  differ 
considerably  from  that  in  a  cool  state,  it  is  ad- 
visable to  wait  a  few  minutes  after  the  power 
has  been  removed  before  applying  the  ohmmeter 
to  the  equipment. 

11-36.  When  resistance  measurements  are 
made  in  a  circuit,  each  element  can  be  tested 
individually  by  removing  it  from  the  circuit  and 
connecting  the  ohmmeter  test  prods  across  it 
However,  this  method  consumes  time,  and  usu- 
ally measurements  are  made  from  various  points 
in  the  circuit  to  a  selected  common  reference 
point  (chassis  or  ground).  In  this  manner,  com- 
plete sections  of  the  circuit  can  be  measured 
quickly  to  determine  the  presence  of  abnormal 
conditions.  Charts  indicating  poinHo-point  re- 
sistance values  usually  are  supplied  with  the 
equipment.  The  ohmmeter  is  connected  across 
the  designated  points,  and  the  readings  obtained 
arc  compared  with  those  on  the  chart  When  an 
abnormal  resistance  reading  is  obtained,  each 
element  in  the  circuit  is  isolated  and  tests  are 
made  to  determine  the  cause  of  the  abnormality. 

11-37.  To  avoid  erroneous  readings  when  no 
resistance  chart  is  available,  care  must  be  taken 
to  ascertain  that  other  circuit  elements  are  not 
connected  in  parallel  with  the  element  being 
measured.  The  element  under  test  usually  can 
be  isolated  by  opening  one  of  its  connections  in 
the  circuit 

11-38.  A  leaky,  capacitor  connected  in  paral- 
lel with  a  resistor  under  test  can  pass  current  and 
will  indicate  a  resistance  reading,  depending  on 
the  degree  of  leakage.  The  readin_g. obtained  on 
the  ohmmeter  is  the  resultant  of  the  circuit  re- 
sistance and  the  parallel  leakage  resistance  of  the 
capacitor.  With  a  leaky  capacitor  in  the  circuit, 
a  reading  is  obtained  even  if  the  shunt  resistor  is 
completely  open,  and  it  is  necessary  to  disconnect 
one  end  of  .  the  circuit  element  before  taking  a 
measurement 

11-39.  The  hands  of  the  technician  should  not 
come  in  contact  with  the  metal  tips  of  the  test 
prods.  The  resistance  of  the  human  body  under 
cenain  conditions  is  low,  less  than  50,000  ohms, 
and  may  cause  erroneous  readings.  This  is  par- 
ticularly noticeable  when  a  higJtepresistancc  is 
being  measured.  All  resistance^measurements 
should  be  made  with  the  hands  holding  the  in- 
sulated  portions  of  the  test  prods. 

11-40.  The  ohmmeter  can  check  roughly  the 
condition  of  capacitors  and  determine  the  pres- 
ence of  short  circuits  or  leakage.  When  you  test 
capacitors,  other  than  electrolytics,  turn  the  ohm- 
meter selector  switch  to  the  highest  range,  since 
this  provides  the  highest  source  of  voltage  avail- 
able in  the  ohmmeter.  Observe  the  meter  closely 
and  connect  the  test  prods  to  the  capacitor.  With 
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a  good  capacitor,  the  meter  pointer  deflects 
slightly  and  returns  quickly  to  the  infinite-ohms  ^ 
position  as  the  capacitor  charges  across  the  ohm- 
meter battery.  Small  values  of  capacitors  cause 
a  slight  deflection  of  the  meter  pointer  and  return 
quickly  to  the  infinite  position;  larger  values 
cause  a  greater  deflection,  and  a  longer  time  is 
taken  for  the  pointer  to  return.  However,  if  the 
capacitor  is  good,  the  meter  pointer  will  ^return 
to  the  infinite-ohms  position  in  a  relatively  short 
time.  If  no  deflection  is  obtained,  an  open  capac- 
itor is  indicated  or  the  capacitance  of  the  unit  is 
too  small  to  cause  a  deflection.  A  full-scale 
deflection  of  the  pointer  indicates  a  shorted  ca- 
pacitor, and  leakage  is  indicated  by  a  steady 
deflection  on  some  part  of  the  scale.  The  resist- 
ance of  a  paper  capacitor  should  be  over  50 
megohms  per  microfarad,  and  that  of  a  mica 
capacitor  should  be  over  100  megohms  per  mi- 
crofarad. 

11-41.  When  testing  electolytic  capacitors,  set 
the  ohmmeter  to  the  high  range  and  connect  the 
prods  across  the  capacitor.  Because  current 
passes  more  readily  through  the  electrolytic  ca- 
pacitor in  one  direction  than  in  the  other,  care 
must  be  taken  to  observe  polarity  or  the  reading 
obtained  will  be  incorrect.  When  the  prods  are 
connected  to  the  capacitor,  a  large  deflection 
occurs  on  the  meter,  then  the  pointer  returns  ^ 
slowly  toward  the  infinite-ohms  position  as  the 
capacitor  takes  a  charge.  Usually,  some  reading 
is  obtained  even  when  an  electrolytic  capacitor  is 
fully  charged.  For  a  good  capacitor  rated  at  450 
working  volts  DC,  the  final  ohmmeter  reading 
should  be  over  500,000  ohms.  Low-voltage  elec- 
trolytic capacitors  should  read  at  least  100,000 
ohms  to  be  acceptable. 

11-42.  Megger.  You  cannot  use  an  ordinary 
ohmmeter  for  measuring  resistance  of  multimil- 
lions  of  ohms,  such  as  conductor  insulation.  To 
adequately  test  for  insulation  breakdown,  it  is 
necess^  to  use  a  much  higher  potential  than  is 
furnished  by  an  ohmmeter  battery.  This  poten- 
tial is  placed  between  the  conductor  and  the 
outside  surface  of  the  insulation. 

1M3.  The  megger  is  a  portable  insulation- 
resistance  test  set  for  measuring  large  values  of 
electrical  resistance.  It  consists  of  a  high-range 
ohmmeter  and  a  hand-operated  DC  generator 
mounted  in  the  same  case.  The  resistance  range 
of  the  megger  usually  extends  from  0  to  1000 
megohms  or  more,  and  the  ohmmeter  is  of  special 
design.  The  generator  may  deliver  a  potential 
of  500,  1000,  or  2000  volts  at  the  test  terminals, 
but  in  military  applications  a  500-volt  DC  gen-  ^ 
erator  is  generally  used.  ^ 

11-44.  When  the  crank  of  the  megger  is  op- 
erated, the  DC  generator  produces  a  500-volt 
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DC  potential.  Connected  across  the  generator 
output  is  a  potential  coil.  The  magnetic  field  set 
up  by  the  current  through  the  potential  coil  re- 
acts with  the  field  set  up  by  a  permanent  magnet 
in  such  a  way  that  the  coil  and  pointer  assembly 
move  in  a  counterclockwise  direction."^  With  no 
external  circuit  connected  to  the  test  set,  the 
pointer  indicates  infinite  resistance  on  the'  scale. 

1M5.  When  a  circuit  of  unknown  resistance 
is  connected  to  the  tester,  it  forms  a  parallel 
circuit  with  the  potential  coil.  Also,  connected 
in  series  with  the  external  circuit  is  a  current  coil 
that  is  part  of  the  ohmmeter  movement.  The 
magnetic  field  set  up  by  the  current  through  the 
current  coil  tends  to  move  the  pointer  (clock- 
wise) to  the  0  position  on  the  scale. 

1M6.  This  meter  is  called  a  true  or  differen- 
tial ohmmeter  because  the  position  of  the  pointer 
is  determined  by  the  difference  between  two 
forces.  One  force,  the  current  coil,  tends  to  move 
the  pointer  toward  0.  The  other  force,  the  poten- 
tial coil,  tends  to  move  it  toward  infinity.  The 
system  comes  to  rest  at  a  point  where  the  two 
forces  are  balanced;  the  position  depends  on  the 
value  of  the  unknown  resistance.  This  position 
does  not  depend  on  the  voltage  generated  within 
the  equipment,  as  in  an  ordinary  ohmmeter. 

11-47.  The  DC  generator  is  operated  by  a 
hand  crank  through  a  gear  train  and  clutch  as- 
sembly. The  clutch  mechanism llips^^^n  a  cer- 
tain, speed  of  hand-crank  rotation  is  reachwL  and 
this  keeps  the  generator  at  a  constant  operating 
speed.  Therefore,  the  output  voltage  will  be 
fairly  constant  as  long  as  the  crank  is  rotated 
aliove  the  speed  at  which  the  clutch  slips. 

11-48.  Before  connecting  the  megger  to  the 
equipment  to  be  tested,  all  power  should  be 
disconnected.  Because  of  the  small  amount  of 
torque  and  the  lack  of  balance  springs  in  the 
movement,  the  megger  should  be  kept  in  an 
upright  position  and  placed  away  from  strong 
external  magnetic  fields  so  that  the  reading  is  not 
affected.  The  test  leads  are  then  connected  to 
the  megger  and  the  megger  tested  for  leakage. 
With  the  test  lead  open,  the  meter  should  read 
infinity;  when  the  test  leads  are  short-circuited, 
the  meter  should  read  zero. 

11-49.  Finally,  the  test  leads  are  connected  to 
the  device  whose  insulation  resistance  is  to  be 
checked.  The  handcrank  then  is  rotated  until 
the  clutch  slips  and  the  meter  reading  becomes 
steady.  A  reading  is  taken  which  is  compared 
with  the  proper  value  of  insulation  resistance. 
It  is  important  that  the  insulation  resistance  be 
measured  at  the  same  temperature  every  time  an 
insulation  test  is  made  Because  the  resistance  of 
insulation  drops  sharply  at  high  temperatures. 
For  example,  the  insulation  resistance  between 


the  stator  windmg  of  a  certain  slow-speed  genera- 
tor and  the  frafac  is  100  megohms  at  85^  F.  The 
insulation  resistance  of  this  same  equipment  falls 
only  to.  10  megohms  at  MO""  F. 

11-50.  This  concludes  our  discussion  on  the 
individual  meters.  Next,  we  discuss  a  combina- 
tion of  the  milliammcter,  ohmmeter,  and  volt- 
meter into  one  compact  unit,  which  we  call  a 
multimeter. 

11-51.  Multimeters*  A  multimeter  is  an  instru- 
ment incorporating  two  or  more  meter  circuits 
and  a  meter  movement  in  a  single  case.  A  typical 
multimeter  contains  voltmeter,  milliammeter,  and 
ohmmeter  circuits  using  a  single  meter  move- 
ment. They  may,  however,  be  designed  for  many 
specific  applications,  such  as  measuring  resist- 
ance, capacitance,  AC  volts,  and  DC  volts.  The 
multimeter  described  in  this  section  is  used  for 
voltage,  current,  and  resistance  measurements. 

11-52.  To  select  the  proper  circuit  for  measur- 
ing voltage,  current,  or  resistance,  either  a  rotary 
selector  switch  or  a  set  ftf  pin  jacks  is  mounted 
on  the  instrument  panel.  The  rotary  selector 
switch  consists  of  many  sections  (wafers)  of  in- 
sulating material  with  switch  contacts  attached. 
Each  position  on  the  switch  corresponds  to  a 
particular  measuring  circuit  in  the  instrument. 
When  the  switch  is  in  the  DC  voltage  position, 
for  example,  a  contact  on  each  wafer  of  the 
switch  connects  a  particular  element  (meter 
movement,  resistor  network,  or  shunt)  into  the 
measuring  circuit.  In  many  multimeters,  two 
rotary  switches  are  used,  one  selecting  the  meas- 
uring circuit  and  the  other  the  range. 

11-53.  For  simplicity  of  reading,  a  multimeter 
has  three  scales.  There  is  one  for  resistance 
measurements,  one  for  DC  volts  and  milliam- 
peres,  and  one  for  AC  volts.  The  scales  usually 
are  provided  with  a  single  set  of  calibration 
marks  and  with  one  or  more  sets  of  numerals  at 
the  major  marks  or  divisions.  Figure  38  is  a 
typical  meter  face. 

11-54.  /4C  instruments.  Most  of  the  AC 
measurements  in  electrical  and  electronic  circuits 
are  now  made  with  a  DC  moving-coil  meter 
using  a  rectifier  to  convert  the  AC  to  DC  before 
it  is  applied  to  the  meter  movement.  Typical  of 
this  type  of  meter  is  the  TS-297/U,  which  you 
carry  in  your  toolbox,  and  the  AN/PSM-6,  which 
is  used  around  the  shop.  These  rectifier  type 
instruments  provide  us  an  AC  meter  with  rela- 
tively high  ohms-per-volt  ratings. 

1 1-55:  Copper-oxide  rectifier.  The  most  com- 
monly used  rectifier  is  the  copper-oxide  type. 
This  rectifier  may  be  a  single  unit  or  consist  of  a 
group  of  individual  rectifiers  connected  together. 
The  simplest  unit,  used  in  less  sensitive  instru- 
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Figure  38.   Resistance,  AC,  and  DC  scale  of  a  typical 
multimeter. 

mcnts,  is  the  single  half-wave  rectifier.  This  ar- 
rangement permits  current  flow  through  the  me- 
ter only  during  one-half  of  the  cycle,  and  blocks 
current  flow  to  the  meter  during  the  other  half 
of  the  cycle.  The  most  sensitive  arrangement 
uses  a  bridge  rectifier.  When  the  source  of  the 
measured  voltage  has  one  polarity,  one  set  of 
rectifiers  conduct;  and  when  the  source  has  the 
opposite  polarity,  the  other  set  of  rectifiers  con- 
duct. This  luU-wave  rectification  results  in  a 
current  flow  through  the  meter  in  the  same  direc- 
tion for  both  half-cycles.  The  average  value  of 
the  pulsating  DC  through  the  meter  is  approxi- 
mately twice  as  great  as  that  achieved  with  half- 
wave  rectification.  The  meter  response  with  full- 
wave  rectification  is  doubled,  and  the  meter's 
sensitivity  is  improved  by  the  same  ratio. 

11-56.  AC  meters  are  calibrated  so  that  they 
read  the  rms  value  of  the  sine  wave  of  the  voltage 
or  current  being  measured.  The  moving  coil 
cannot  follow  the  instantaneous  changes  of  pul- 
sating dc  because  of  its  inertia. 

11-57.  Vacumn-Tubc  Voltmctcn.  A  vacuum- 
tube  voltmeter  is  an  .instrument  for  measuring 
AC  or  DC  voltages  and  it  uses  one  or  more 
vacuum  tubes  in  a  special  circuit  containing  a 
meter.  The  operating  power  for  the  tubes  is 
usually  obtained  from  a  built-in  power  supply 
working  off  an  AC  line,  but 'batteries  can  be 
used.  Different  types  of  probes  are  used  with 
the  instrument  for  measuring  AC  voltages  to  very 
high  values  and  ovep^a  wide  band  of  frequencies. 
The  VTVM  is  also  known  as  an  electronic  volh 
meter. 


11-58.  The  primary  advantage  of  the  VTVM 
over  ordinary  meters  is  its  ability  to  measure 
voltages  without  loading  the  circuit.  Normal  op- 
erating conditions  are  left  more  or  less  undis- 
turbed since  the  VTVM  draws  negligible  current 
from  the  circuit  under  test.  This  is  of  special 
advantage  in  solid  state  circuits  where  the  con- 
ventional voltmeter  changes  the  circuit  conditions 
and  produces  false  readings. 

11-59.  The  VTVM  can  be  used  to  measure 
ac  voltages  over  a  frequency  range  extending 
from  5  to  10  cycles  to  several  hundred  mega- 
cycles. Specially  designed  instruments  have  an 
upper  frequency  limit  of  several  thousand  mega- 
cycles and  can  be  used  for  testing  high-frequency 
equipment. 

11-60.  The  VTVM  can  be  used  to  measure 
low  voltages  in  high-impedance  circuits,  since 
the  input  impedance  of  the  VTVM  usually  is 
standardized  at  approximately  10  megohms.  The 
loading  effect  is  negligible  when  this  impedance 
is  placed  in  shunt  with  the  circuit  under  test,  and 
low  voltage  can  be  measured  with  a  high  degree 
of  accuracy.  The  conventional  meter,  having 
much  lower  input  impedance  on  the  low-voltage 
ranges,  loads  the  circuit  and  produces  erroneous 
readings. 

11-61.  Basic  VTVM.  The  basic  DC  VTVM 
circuit  consists  of  a  triode,  a  source  of  plate 
voltage,  a  source  of  grid  bias,  and  a  DC  milliam- 
meter  calibrated  to  read  the  plate  current  result- 
ing from  the  voltage  applied  between  the  grid 
and  cathode  of  the  tube.  No  current  flows 
through  the  tube  with  a  zero,  input  voltage,  ^d 
the  meter*  in  the  plate  circuit  indicates  zdo. 
When  a  voltage  is  applied  to  the  input  ternynals,  " 
plate  current  flows  through  the  circuit  and  is 
indicated  on  the  meter  in  the  circuit. 

11-62.  In  order  to  make  the  input  resistance 
of  the  instrument  high,  a  high-resistance  voltage 
divider  is  used.  The  taps  on  the  voltage  divider 
are  arranged  so  that  a  wide  range  of  dc  voltages 
can  be  measured.  Regardless  of  the  range,  the 
maximum  voltage  applied  to  the  grid  circuit 
should  never  be  more  than  8  volts  in  order  to 
limit  the  meter  to  its  full-scale  deflection.  Each 
voltage  range  has  its  own  tap  on  the  voltage 
divider  applied  to  the  grid.  Each  voUagc  range 
is  indicated  on  its  own  scale.  Note  that  the  total 
divider  resistance  represents  the  input  imped- 
ance or  total  resistance  of  the  instrument. 

11-63.  These  fundamentals  just  discussed 
never  change.  However,  their  applications  in 
the  various  VTVMs  that  you  may  encounter  in- 
volve many  variations  in  the  circuitry.  Most 
modern  instruments  make  use  of  two  or  more 
tubes  connected  to  form  a  bridge  circuit. 
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11-64.  The  meter  indication  corresponds  to 
the  average  value  the  input  voltage.  The 
meter  scale  can  be  calibrated  to  read  average, 
nns,  or  peak  values. 

11-65,  The  frequency^  range  of  the  instryment 
can  be  greatly  extended  by  rectifying  the  AC 
voltage  to  be  measured  before  applying  jt  to  the 
DC  amplifier.  A  special  test  probe  may  be  used 
to  house  the  rectifier  diode  or  the  rectifier  may 
be  within  the  instrument  case,  in  which  ^ase  the 
convc^niional  probe  can  be  used  for  the  AC  meas- 
urements. 

11^66.  The  AC  scales  of  VTVMs  are  ™r- 
mally  calibrated  toMndicate  the  rms  value  of  a 
sine  wave  voltage.  Therefore,  whcu  voltages 
having  other  than  a  sine  waveform  are  to  be 
measured,  true  measurements  cannot  be  made 
unless  the  VTVM  measures  peak-to-peak  values, 
as  well  as  the  rms  of  effective  values.  The  peak- 
to-peak  measurements  are  accurate  only  on  sine 
wave  voltages,  and  the  P-P  scale  is  calibrated  to 
indicate  2.828  times  the  rms  value.  This  multi- 
plication factor  will  not  result  in  tnie  values  on 
•  other  than  sine -waves. 

11-67.  When  you  service  modern  electronic 
systems,  it  is  frequently  necessary  to  accurately 
measure  the  peak-to-peak  values  of  inegular 
waveforms.  The  VTVM  designed  to  do  this  in- 
corporates a  voltage  doubler  circuit  for  the  pur- 
pose of  making  these  P-P  measurements.  These 
units  are  easily  identified  by  the  separate  P-P 
positions  on  the  selector  switch.  There  may,  or 
may  not,  be  a  separate  meter  scale  for  the  P-P 
values.  If  not,  the  regular  AC  scales  are.  used. 

11-68.  The  meter  scales  cover  a  wide  range 
of -AC  and  DC  voltages  and  resistance  values. 
Each  scale  is  different  from  the  others  in  some 
detail.  There  are  also  variations  in  the  scales 
used  by  different  manufacturers  and  even  varia- 
tions in  different  models  made  by  the  same  man- 
ufacturer. All  of  these  scales  are  essentially  the 
same,  and  they  are  designed  to  be  used  in  the 
same  way.  Most  errors  occur  when  reading  the 
value  indicated  and  those  can  be  avoided  by 
following  these  three  steps: 

•  Determine  the  proper  scale  to  be  used. 

•  Read  the  value  indicated  on  that  scale. 

•  Use  the  multiplier  or  scale  indicated  by  the 
RANGE  SELECTION  switch. 

11-69.  Wattmeter.  Electric  power  is  measured 
by  means  of  a  wattmeter.  This  instrument  is  of 
the  electrodynamometer  type.  It  consists  of  a 
pair  of  fixed  coils,  known  as  current  coils,  and  a 
movable  coil,  known  as  the  voltage  coil. 

11-70.  The  actuating  force  of  a  wattmeter  is 
derived  from  the  interaction  of  the  magnetic  field 
of  the  current  coil  and  the  magnetic  field  of  the 
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voltage  coil.  The  force  acting  on  the  moving 
coil  (voltage  coil)  at  any  instant  is  proportional 
to  the  product  of  the  instantaneous  values  of  line 
current  and  voltage. 

11-71.  The  wattmeter  consists  of  two  circuits, 
either  of  which  will  be  damaged  if  too  much' 
current  is  passed  through  it.  This  fact  is  espe- 
cially emphasized  in  the  case  of  wattmeters,  be- 
cause the  reading  of  the  instrument  does  not 
serve  to  tell  the  user  that  the  coils  arc  being 
overheated.  If  an  ammptcr  or  voltmeter  is  over- 
loaded, the  pointer  will *bfe  indicating  beyond  the 
upper  limit  of  its  scale.  In  the  wattmeter,  both 
the  current  and  the  potential  jcircuits  may  be 
carrying  such  an  overload  that  their  insulation  is 
burning,  and  yet  the  pointer  may  be  only  part 
way  up  the  scale.  This  is  because  the  position  of 
the  pointer  depends  upon  the  power  factor  of  the 
circuit  as  well  as  the  voltage  and  current.  Thus, 
a  low-power  »factor  circuit  will  give  a  very  low 
reading  on  the  wattmeter  even  when^the  current 
and  potential  circuits  are  loaded  to  the  maximum 
safe  limit.  ^The  safe  rating  is  generally  given  on 
the  face  of  the  instrument.  This  rating  is  not 
given  in  watts  but'^  in^  volts-  and  amperes. 

ll-7%Watt-Vanncter.  Ip  those  installations 
where  more  than  one  AC  generator  is  used  to 
furnish  the  electrical  power,  it  is  vitally  important 
that  each  furnish  its  share  of  the  real  (KW)  and 
the  reactive  (KVAR)  load  if  maximum  perform- 
ance and  service  life  are' to  be  expected  from  the 
system.  The  real  (KW)  and  reactive  (KyAR) 
load^  present  in  an  aircraft  AC  power  system  will  * 
be  explained  in  detaij  in  this  course.  The  watt- 
varmcter  is  used  to  provide  a  visual  indication  of 
the  amount  of  useful  powe*r  in  watts  and  of  the 
nonuscful  or  reactive  power  in  VARs  in  the  AC 
power  system. 

11-73.  This  meter  uses  the  electrodynamom- 
eter type  meter  movement.  A  switch  is  incorpo- 
rated into  the  meter  circuit  to  facilitate  using  the 
instrument  to  indicate  cither  true  power  or  reac- 
tive power.  The  pointer  deflection  is  determined 
by  the  torque  produced  by  the  two  currents.  If 
the  current  and  the  voltage  are  in  phase,  the 
product  of  current  times  voltage  at  any  instant 
will  be  maximum  and  the  pointer  deflection  will 
also  be  maximum.  If  the  current  and  voltage  arc 
out  of  phase,  the  product  of  voltage  and  current 
at  any  instant  will  be  less  than  maximum,  caus- 
ing a  proportionally  smaller  deflection  of  the 
pointer.  Once  the  meter  scale  has  been  properly 
calibrated,  it  will  read  the  true  power  of  the 
circuit. 

11-74.  When  using  the  same  instrument  to 
measure  the  reactive  power  (KVARs),  a  phase- 
shifting  capacitor  is  used.  Such  an  arrangement 
will  not  respond  to  the  components  of  current 
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and  voltage  that  are  in  phase  in  the  A(?  line  to 
which  it  is  connected,  but  will  respond  to  that 
component  of  line  current  that  is  out  of  phase 
with  the  normal  line  voltage.  The  same  calibra- 
tion on  the  meter  that  was  TOTviously  lised  to 
obtain  true  power  will  now  indicate  the  amount 
of  reactive  power  in  the  circuit. 
^  11-75.  Power-Factor  Meter.  One  definition  of 
the  power  factor  of  a  circuit  is  the  ratio  of  true 
power  to  apparent  power.  This  is  not  the  only 
definition.  It  is  also  equal  to  the  cosine  of  the 
phase  angle  between  the  circuit  current  and  volt- 
^gp.   A  pure  resistance  has  a  power  factor  of 
unjty^e  current  and  voltage  are  in  phase  and 
the  trucV>wer  and  the  apparent  power  are  the 
same).  AStture  inductance  has  a  power  factor  of 
zero  (currcihwlags  the  voltage  by  90°),  ^and  a 
pure  capacitaroP  has  a  power  factor  of  zero 
(current  leads  thbc  voltage  by  90°).  The  cosine 
of  90°  is  zero.  Thc^wer  factor  of  a^circuit  may 
be  determined  by  thcW  of  a  wattmeter,  a  volt- 
meter, and  an  ammeter— that  is,  the  power  fac- 
tor may  be  determined  by  dividing  the  wattmeter 
reading  by  the  product  of  the  voltmeter  and 
ammeter  readings.  This  is  inconvenient,  how- 
ever,  and  instruments  have  been  developed  that 
indicate  continuously  the  power  factor,  and  at 
the  same  time  indicate  whether  the  current  is 
leading  or  lagging  the  voltage.  An  instrument 
that  indicates  these  values  is  called  a  power- 
factor  meter. 

11-76?  Frequency  Met^  In  some  AC  sys- 
tems it  is  necessary  to  know  the  frequency  of  the 
voltage  source.  Two  types  of  frequency  meters 
are  suitable  for  this  purpose.  These  are  the 
dynamometer  type  frequency  meter,  which  uses 
the  electrodynamoroeter  principle,  and  the  vi- 
brating reed  type  meter,  which  is  an  electro- 
mechanical type  of  instrument. 

11-77.  Dynamometer  type  frequency  meter. 
The  dynamometer  type- frequency  meter  uses  1 
dial  and  pointer  to  provide  a  visual  indication  of 
the  frequency  being  measured.  The  commonly 
used  frequency  meter  is  the  type  A-1,  which 
includes  a  basic  dynamometer  type  of  frequency 
meter  circuit 

11-78.  Such  a  meter  can  be  calibrated  to  read 
the  exact  frequency  directly.  In  this  system  the 
cunent  doeTnot  increase  at  a  uniform  rate  but 
increases  more  ^rapidly  as  resonance  is  ap- 
proached. Therefore,  this  type  of  meter  can  be 
used  for  only  a  small  frequency  range. 

11-79.  Vibrating  reed  type  frequency  meter. 
The  vibrating  reed  type  meter  contains  an  elec- 
tromagnet mounted  near  a  metal  plate.  When 
the  electromagnet  is  energized  with  AC,  vibra- 
tions are  set  up  that  are  identical  in  period  mih 
the  flux  reversals  caused  by  the  alternating  cur- 


rent in  the  coil.  The  vibrations  are  transmitted 
\o  a  metal  plate,  part  of  which  consists  of  a  set 
of  carefully  balanced  metal  reeds.  Each  reed  is 
turned  to  vibrate  excessively  at  one  particular 
frequency.  If  more  than  one  reed  is  vibrating, 
the  one  vibrating  the  most  indicates  the  nearest 
^correct  frequency. 

11-80.  Frequency  counter.  The  counter  type 
of  frequency  meter,  also  called  the  digital-fre- 
quency meter,  is  a  high-speed  electronic  counter, 
with  an  accurate,  crystal-controlled  time  base. 
This  type  of  combination  provides  a  frequency 
meter  which  automatically  counts  and  displays 
the  number  of  events  or  cycles  occurring  in  a 
precise  time  interval  in  the  form  of  digits. 

11-  81.  This  type  of  frequency  meter  perniits 
the  rapid  measurement  of  frequency  without  in- 
volved interpolation  or  the  possibility  of  ambigu- 
ous results.  The  measur<ment  of  a  large  Jiumbcr 
of  different  frequencies  in  quick  succession  is 
also  easily  accomplished  The  counter  type  of 
frequency  meter  is  also  independent  of  input 
waveform,  since  the  input  signal  is  eventuaUy 
shaped  into  2t  series  of  pulses  recurring  at  the 
same  frequency  as  the  input  frequency. 

n.  Special  Purpose  Measuring  Devices 

12-  1.  Many  of  the  measurements  you  will  be 
required  to  take  are  difficult  to  do  with  a  com- 
mon meter.  For  tlus  reason  many  special-pur- 
pose  measuring  devices  have  been  developed. 
Some  of  the  most  used  are  discussed  m  this 
section. 

12-2.  Use  of  the  Oscilloscope.  Figure  39,  a 
simplified  block  diagram  of  a  typical  oscillo- 
scope, shows  the  general  electrical  location  of 
some  of  the  oscilloscope  controls.  The  ON-OFF 
switch  (not  shown)  and  the  focus  and  intensity 
controls  are  located  in  the  power  supply  section 
which  is  connected  to.  the  electron  gun.  ^ 

12-3,  ni  most  of  the  oscilloscopes,  the  ON- 
OFF  switch  connects  the  various  power  supplies 
of  the  oscilloscope  to  the  ac  power  source,  and 
the  intensity  control  varies  the  voltage  which 
■  controls  the  number  of  electrons  leaving  the  elec- 
tron gun.  After  tumipg  on  the  "scope,"  turn  the 
intensity  control  down  to  keep  from  burning  the 
CRT  (cathode  ray  tube)  screen.  The  focus  con- 
trol changes  the  voltage  which  'compresses  the 
su-eam  of  electrons  into  a  nanow  beam  so  that 
the  stream  will  form  -a  smalhdot  .or  trace  on  the 
fluorescent  screen.  After  the  CRT  is  warmed  up, 
a  small  clear  dot  or  a  thin  line  should  appear  m 
the  center  of  the  screen  if  all  of  the  controls  are 
properly' set.  You  should- then  adjust  the  focus 
and  intensity  controls  for  a  sharp  clear  line  or 
dot.       /  '  ^ 
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iMgure  39.   Block  diagram  of  a  typical  CRT  oscilloscope. 


'12-4.  Tfic  horizontal  and  vertical  position 
(ccntcruig)  controls  ar.c  used  to  move  the  elec- 
tron beam  across  or  up  and  down  the  screen. 
Each  of  the  controls  is  actually  a  potentiometer. 
From  Ihe  block  diagram  in  the  figure,  you  can 
see  that  each  potentiometer  is  used  to  vary  a 
direct  current  potential  whidh  is  applied  to^one  of 
each  of  the  deflection  plates.  If  the  DC  potential 
on  the  deflection  plate  is  made  more  negative, 
the  beam  is  repelled.  If  too  high  a  potential  is 
applied,  the  beam  may  be  moved  so  far  that  no 
dot  will  appear  on  the  screeh.  These  controls 
should  be  left  in  a  position  where  the  image  is 
centered. 

12-5.  You  use  two  adjusting  knobs  on  the 
'  scope  to  control  the  sweep  frequency.  The  first 
(swfecp- range  scftctor)  is  jnarkc^  either  *'coarse 
frequency"  or  **frcquency  range"  and  it  has  sev- 
eral positions.  At  each  position  of  this  switch  the 
approximate  range  of  frequencies  for  the  sweep 
generator  will  be  indicated.  UsUAUy,~this  control 
inserts  electronic  circuit  componet^ts  of  various 


sizes  into  the  circuit  to  give  a  fairly  large  change 
in  frequency  of  the  sweep  generator  as  the  se- 
lector is  moved  from^one  position  so  ano±er. 

1^-6.  The  second  control  knob  for  the  sweep 
generator  is  the  vernier  or  fine-frequency  con- 
trol. It  varies  the  frequency  smoothly  over  each 
range.  By  operating  bo±  controls  together,  you 
can  sweep  the  dot  at  speeds  varying  from  a  few 
times  a  second  up  to  many  thousands  of  times  a 
second.  These  two  controls  should  be  used  in 
conjunction  to  synchronize  the  scope  sweep  and 
the  AC  input  signal. 

12-7.  The  length  of  the  sweep  can  be  changed 
by  varying  the  horizontal  gain  control.  The  con- 
trol does  not  change  the  electrical  length  of  the 
sweep,  or  the  time  base,  on  the  scope.  Instead, 
it  changes  only  the  physical  length  of  the  sweep. 
Therefore,  with  the  frequency  control  set  so  that 
1000  microseconds  arc  required  for  the  dot  to 
travel  from  one  end  of  the  time  base  to  the  other, 
that  amount  of  time  will  elapse  whether  the  hori- 
zontal gain  is  at  zero  or  at  maximum.  With  this 
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control  turned  all  of  the  way  counterclockwise, 
the  horizontal  time  baSe  line  is  decreased  to  zero, 
and  the  beam^  appears  only  as  a  dot.  When'  you 
turn  thp  control  clockwise,  the  'line  is  made 
longer.  It  is  possible  to  i^etch  the  time  base 
line  beyond  the  visible  ends  of  the  screen  so  that 
only  a  small  portibh  of  the  sweep  is  actually  \ds- 
ible  on  the  screen.  This  is  useful  when  only  a 
small  portion  of  a  wave  shape  must  be  examined 
closely. 

12-8.  The*  remaining  controls  on  the  scope  af-' 
feet  the  sweep.  One  is  the  sync  select  switch, 
which  has  at  least  these  three  positions:  EX- 
TERNAL, INTERNAL,  and  LINE.  Another  is 
the  syiic  control  which  regulates  the  amplitude  of 
the  synchronizing  voltage.  Sometimes  it  is  difficult 
to  confine  the  sweep  generator  to  the  exact 'fre- 
quency which  will  maintain  a  stationary  image 
on  the  screen.  If  a  voltage  of  the  desired  fre; 
quency  and  amplitude  is  fed  into  the  sweep  cir- 
cuit, it  -will  lock  the  sweep  generator  at  the 
frequency.  This  synchomizing  voltage  may  orig- 
inate within  the  scope  itself  or  ipay  come  from 
the  60^Hz  line  voltage  that  is  fed  to  the  scope. 
It  may*  also  come  from  an  exterAal  source,  such 
as  from  the  signal  bating 'observed. 

12-9.  When  the  signal  to  be  observed  is  ex- 
tremely, small,  it  is  not  fed  directly  to  the  vertical 
» deflection  plates.  Instead,  it  is  first  amplified  un- 
til it  gives  a  strong  enough  response.  Two  con- 
trols, the  vertical  amplifier  ratio  (VAR)  and  the 
vertical  gain  (VG),  are  used  to  alter  the  size  of 
the  image  on  the  screen.  The  VG  and  VAR 
controls  are  not  found  on  all  oscilloscopes. 

12-10.  The  ability  of  the  scope  lo  give  a  sta- 
tionary pattern  for, a  changing  voltage  represents 
one  of  its  most  vMuable  functions.  Different 
components  within  p  circuit  have  different  effects 
on  waveshapes.  With  Jhe  aid  of  the  oscilloscope, 
/these  effects  can  be  identified  from  the  shape  of 
V  the  waves. 

^2-11.  The  scope  can  be  used  to  determine 
an  unknown  ac  frequency.  Before  it  can  do  this, 
however,  the  sweep  frequencyfeiust  be  known. 
Wi^h  the  sweep  frequency  known,  the  unknown 
signal  frequency  may  be  found  by  making  a  few 
simple  computations. 

12-12.  If  the  frequency  of  the  signal  is*^ 
known,  the  sweep  frequency  can  be  determined 
by  direct  observation  of  the-pattem  that  appears 
on  the  screen.  Tliese  procedures  are  applicable 
only  if  there^is  a  simple  relationship  between  the 
frequencies  of  the  two  voltages.  Some  very  inter- 
esting patterns  called  Lissajous  pjlttems  may  be 
obtained  by  applying  an  AC  signal  to  the  hori- 
zontal deflection  plates  at  ^the  precise  moment 
another  AC  signal  voltage  is  applied  to  the  verti- 
cal deflection  plates.  Figure  40  shows  the  results 
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^  Figure  40: '  Sweep  patterns. 

of  applying  voltages,  .of  the  same  frequency  to  ' 
the  two  pairs  ot  plates.  >The  circle  at' the  upper 

'  left  sho^s  the  image  that  is  fcnmed  on  the  screen 
when  two  identical  voltages  (Ei  and  E2)  having 
the  same  frequency,  the  same  amplitude,  and^e 
same  starting  •  time  for  their  cycles  are  applied 
to  the  two  pairs  of  plates.  The  result* is  a  straight^ 
line  directed  at  an  angle  of  45*^  with  respect  to* 
a  horizontal  plane.  Unequal  amplitudes  having 
the  same  frequency  produce  straight  lines  at  dif- 
ferent angles.  Since  voltages  Ei  and  E2  are  go- 
ing through  the  same  cycle  simultaneously  (in 

\imc  with  each  other),  they  are  said  to  be  in 
phase. 

*  12- 13. 'Two  voltages  of  the  same  frequency 
may  begin  their  cycles  at  different  times.  Such 
voltages  are  said  to  be  qut^of  phase.  If  one  volt- 
age reaches  its  maximum  positive  value  when 
the  other  voltage  is  at  zero  and  starting  in  a 
positive  direction,  they  will  be  90^  out  of  phase. 
In  this  instance  the  first  voltage  is  said  to  lead 
the  second  voltage  by  90^  The  result  of  apply- 
ing two  such  voltages  is  shown  in  the  upper  right 
pattern  in  the  figure.  Voltages  E3  and  E2  are  of 
the  same  amplitude  and  the  same  frequency,  but 
E3  leads  E2  by  90^ 

12-14.  The  scope  pattern  in  the  lower  left  cor- 
ner of  the  figure  shows  the  result  when  the  volt- 
age on  the  vertical  deflection  plates  is  of  the 
same  frequency  but  of  a  smaller  amplitude  and 
90**  out  of  phasfc  vvith  the  voltage  on  the  hori- 
zontal deflection  plate,  Voltage  E4,  in  this  case, 
lags  El  by  90^.  The  resultant  image  on  the 
screen  is  in  the  form  of  an  ellipse. 

12-15.  In  the  circle  in  the  lower  right-hand 
comer  of  'the  Tigure  you  can  see  what  happens 
when  two  voltages  have  the  same  frequency  but 
'  different  amplitudes  and  are  180"*  out  of  phase 
when  applied  to  the  two  pairs  of  deflection  plates. 
The  image  appears  ^  a  straight  line  whose  angle 
with  respect  to  the  horizontal  reference  plane  is 


Rgore  41.  Transcoaducuncc  type  tube  tester. 

the  rcsMlt  <rf  the  rati^o  of  the  respective  ampli- 
tudes of  the  voltages  concerned. 

12-16.  At  this  point  you  should  be  familiar 
with  the  waveform  of  a  normal  sine  wave;  there- 
fore, the  remainder  of  this  section  will  discuss  the 
patterns  of  distorted  sme  waves  which  you  may 
encounter  and  the  causes  of  these  distortions.  We 
are  using  the  term  "distortion"  in  a  very  loose 
manner  to  generally  sjgnify  dissatisfaction  with 
the  shape  of  the  sine  wave  ^ocessed  by  an 
,  amplifier.  Bear  in  mind  that  the  waves  of  all 
amplifiers  are  not  the  s3me,  and  what  is  a  nor- 
mal waveform  for  one  amplifier  may  be  an  ab- 
normal waveform  for  another  amplifier.  Always 
check  the  applicable,  technical  order  for  the  par- 
ticular item  of  equipment,  you  are  testing  so  tliat 
you  may  compare  the  waveform  displayed  on  the 
oscilloscope  with  the  waveform  that  is  desired, 
12-17,.  When  you  are  examining  a^wateform 
in  a  clasS  A  amplifier  circuit,  you  are  generally 
Tooking  fo;  a  smooth  curve  in  which  the  positive 
and  negative  peaks  are  identical.  Any  distortion, 
however  slight,  can  usually  be  considered  due  to 
somp  malfunction  in  the  circuit.  Often  this  is  a 
malfunctioning  tube.  Let's  discuss  how  we  test 
tubes! 

12-18.  Tube  Testing.  Each  tube  is  tested  by 
the  manufacturer  before  it  is  packaged  and 
shipped  to  the  dealer.  Since  the  tubes  .may  be 
damaged  during  transit,  storage,  or  han- 
dling,* they  should  be  tested  before  they  are  used. 


Tubes  that  are  in  service  do  not  last  forever. 
Failure  is  commonly  attributed  to  one  of  the  fol*  ♦ 
lowing  reasons:  (1)  the  cathode  may  lose  its 
ability  to  emit  electrons  because  its  coating  flakes 
off,  (2)  the  tube  may  develop  a  leak  and  permit 
air  to  enter  the  envelope,  and  (3)  internal  shorts 
or  opens  may  occur  as  a  result  of  excessive  volt- 
ages and/ or  vibrations  while  in  service.  In  brief, 
there  are  many  ways  for  the  tube  to  become 
defective.  A  tube  that  glows  is  not  necessarily 
good,  and  you  cannot  check  it  merely  "by  looking 
at  it 

12-19.  The  only  sure  method  for  you  to  check 
the  condition  of  a  tube  is  with  a  tester.  Most 
♦  o!  these  units  are  portable  and  are  about  the  si^e 
of  a  small  suitcase^  They  require  an  external 
source  of  H5-volt,  60-cycle  power  for  operation. 
Altjiough  there  are  many  models,  they^all  fall 
into  two  general  classifications,  emission  and 
transconductance  testers.  The  transconductance 
type,  which  is  shown  in  figure  41,  provides  the 
most  accurate  means  of  testing.  A  tube  may  in- 
dicate normal  emission  and  still  not  operate  prop- 
erly, because  the  tube  efficiency  depends  on  the 
ability  of  the  grid  voltage  to  control  the  plate 
current.  The  emission  tester  does  not  check  this 
factor,  but  it  does  check  the  plate  current.  By 
contrast,  the  transconductance  machine  meas- 
ures the  grid-plate  transconductance  and  indi- 
cates the  operation  of  the  tube,  not  just  the  coh- 
dition  of  the  emitting  surface.  In  addition,  tube 
testers  of  all  kinds  Usually  provide  a  check  for 
shorts,  noise,  and  gas. 

12-20.  Figure  41  illustrates  a  typical  transcon- 
ductance type  tube  tester.  This  illustration  is  pro- 
vided only  to  show  tKS'  general  appearance  of  a 
typical  unit.  In  a  unit  such  as  this,  the  operating 
instructions  are  located  on  the  inside  of  the  cover, 
as  shown. 


Hfure  42.   Semi^iutomatic  tube  tesur. 
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12-21.  The  ON-OFF  switch  shown  in  the 
lower  left-hand  corner  of  the  illustration  connects 
the  tester  to  a  1 10-volt  power  line.  It  should  be 
in  the  OFF  positiwi  v^le  the  various  controls  are  , 
being  set  for  the  particular  tube  to  be  tested. 
The  LINE  ADJUST  knob  is  used  to  compensate 
for  differences  in  the  line  voltage  that  would 
affect  ^e  reading  on  the  meter.  The  roll  charts, 
located  at  the  bottom  of  the  tester,  list  the  set- 
ings  for  the  tube  that  is  to  be  tested,  and  the 
knobs  located  directly  above  the  roll  charts  are 
set  at  the  levels  indicated  by  the  charts.  By 
comparing  the  information  on  the  roll  charts  with 
the  reading  indicated  on  the  meter,  you  can  de- 
termine the  serviceability  of  almost  any  electron 
tube  th^t  you  may  encounter.  In  addition,  the 
tpster  also  provides  a  control  for  determining 
shorts  ^tbin  the  tubes. 

12-22.  Another  type  tube  tester  is  shown  in 
figure  42.  This  tester  is  known  as  a  semiauto* 
matic  tester  because  the  roll  charts  and  the  ad- 
justing controb  have  been  r^laced  by  a  pre- 
punched plastic  card  for  the  particular  tube  to  be 
tested.  When  the  card  is  inserted  into  the  holder, 
the  card  actuates  a  microswitch  which,  in  turn, 
actuates  all  the  desired  circuits  simultaneously. 
The  meter  indicates  the  serviceability  of  the  tube. 
The  card  is  released  from  the  holder  by  operat- 
ing the  PUSH-TaREJECT-CARD  knob,  which 
releases  the  card  and  jdisconnects  all  the  circuits. 
In  addition,  the  tester  contains  test  cards  that 
can  be  used  to  determine  the  location  of  defec- 
tive meter  shunt  resistors  and  calibration  c^ds 
to  calibrate  various  potentiometers  within  the  test 
unit  Provisions  are  also^^ade  so  that  replace- 
ment cards  or  new  ^ards  may  be  punched  as 
required  - 

12-23.  This  has  been  a  very' brief  discussion 
of  tube  testers.  This  course  is  not  intended  to' 
teach  you  the  operation  of  special  pieces  of  equip- 
ment By  following  the  directions  supplied  with 
the  tube  testers,  you  will  encounter  Uttle  diffi- 
culty in  testmg  electron  tubes;  however,  let  us 
mention  one  precaution.  Before  the  tube  to  be 
tested  is  inserted  in  the  correct  test  socket,  you 
should  make  certain  that  the  front-panel  controls 
are  set  to  tl^e  positions  listed  for  that  type  of  tube 
in  the  data  chart.  This  precaution  is  necessary 
to  preVent  excessive  voltages  from  being  applied 
to  the  tube  elements  (especially  the  filament).' 

12-24.  Line-voltage  adjustment.  The  line-volt- 
age adjustment  is  necessary  so  that  the  line  volt- 
age applied^o  the  primary  of  the  transformer 
can  be  preset.  It  is  preset  to  an  operating  value 
of  93  volts  (used  as  a  test  reference  p<Mnt)  re- 
gardless of  the  variations  caused  by  different 
tube  loads  or  fluctuations  in  the  AC  supply, 
which  may  range  bom  105  to  130  volts  and  still 

66 


be  adjustable.  The  test  equipment  is  calibrated 
at  t)ie  factory  so  that  the  meter  pointer  rests  over 
the  LINE  TEST  mark  (approximate  center) 
when  the  voltage  across  the  primary  is  93^  volts. 
Since  various  types  of  electron  tubes  draw  dif- 
ferent values  of  currents,  a  LINE  ADJUST- 
MENT rheostat  is  provided  so  that  the  primary 
voltage  can  be  set  to  the  designed  operating  volt-  - 
age  before  any  test  is  begun.  A  small  protective 
lamp  that  will  bum  out  on  an  overload  is  con- 
nected in  series  with  the  primary  of  the  trans- 
former to  prevent  equipment  damage. 

12-25.  Short-circuit  test.  By  means  of  a  ro- 
tary five-position  switch  labeled  SHORT  TUBE 
TEST,  the  electrodes  of  the  tube  under  test  are 
switched,  in  turn,  aaoss  a  neon  SHORTS  lamp 
that  is  connected  in  series  with  the  secondary  of 
the  transformer.  Shorted  tube  clients  (and  any 
other  internal  tube  coimections)  will  complete 
the  AC  circuit,  which  cames  both  plates  of  the 
neon  lamp  to  glow.  Momentary  flashes  of  the 
neon  SHORTS  lamp  may  be  caused  when  the 
switch  is  rotated.  These  flashes  are  caused  by 
the  charging  of  the  small  interelectrode  capaci- 
tances of  the  tube  when  the  voltage  is  applied 
and  do  hot  indicate  short  circuits.  If  the  tube 
under  test  has  a  shorted  element,  the  neon  lamp 
will  glow  cratinually  on  one  or  more  switch  posi- 
tions. Since  the  filament  circuit  and  other  inter- 
nal tube  connections  will  show  up  as  short  circuits 
in  this  test,  the  tube  data  chart  should  be 
consulted  for  pin  connection  information  before 
interpreting  the  results  of  the  test. 
.  12-26.  Noise  test.  The  circuit  that  is  used  to 
check  for  short  circuits  is  also  med  to  determine 
the  noise  condition  of  the  tube  under  test.  In 
tests  for  noise,  the  anteima  and  ground  terminals 
of  a  radio  receiver  are  connected  to  the  NOISE 
TEST  receptacles.  Any  intermittent  short  be- 
tween tube  electrodes  permits  the  AC  voltage 
from  the  power  transformer  to  be  applied  mo- 
mentarily to  the  neon  lamp.  The  brief  oscillation 
caused  by  tlkfiring  of  the  lamp  contains  radio 
frequency  ncH^signals  which  are  amplified,  de- 
tected, and  reproduced  as  audio  signals  by  the 
associated  radio  receiver.  A  less  sensitive  noise 
test  can  be  made  ming  a  pair  of  headphones  in- 
stead of  the  radio  receiver.  To  cause  movement 
of  loose  electrodes,  you  can  tap  the  tuBe  during 
this  test  '  , 

12-27.  Gas  test.  Two  pushbutton  ^switches,  la- 
beled GAS  No.  1  and  GAS  No.  2,  are  used  for 
this  test.  The  GAS  No.  1  button  is  first  depressed, 
and  the  plate-current  reading  on  the  meter 
is  noced.  Depressing  the  button  marked  GAS 
No.  2  inserts  a  180,000-ohm  resistor  into  the 
grid  circuit  If  gas  is  present  in  the  tube,  the 
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Figure  43.   Simple  bridge  circuit. 

grid  current  that  flows  reduces  the  normal  bias 
on  the  tube  and  increases  the  plate  current  meas- 
ured by  the  meter.  A  tube  with  a  negligible 
amount  of  gas  produces  an  increase  in  plate  cur- 
rent of  less  than  one  scale  division  when  the  GAS 
No.  2  button  is  depressed.  An  increase  of  more 
than  one  scale  division  indicates  an  excessive 
amount  of  gas  in  the  tube. 

12-28.  Rectifier  (est.  Diode  rectifier  and  de- 
tector tubes  are  checked  by  the  same  method 
used  in  the  emission  type  tube  tester.  A  known 
value  of  AC  voltage  is  applied  to  the  tube  under 
test,  and  the  meter  indicates  the  rectified  plate 
current.  The  two  sections  of  full-wave  rectifier 
are^  tested' separately.  The  switch  for  testing  OTA 
cold-cathode  rectifier  tubes  provides  a  higher  AC 
voltage  than  is  normally  used  for  filament  type 
rectifier  tubes.  The  switch  for  diode  tubes  pro- 
vides a  lower  voltage  than  that  used  for  regular 
rectifier  tubes,  and  also  inserts  a  protective  series 
resistor. 

12-29.  Quality  test.  For  the  quality  test  of 
grid  controlled  tubes,  a  meter  scale  calibrated  in 
arbitrary  units  is  used.  The  minimum  acceptable 
reading  is  listed  in  the  tube  data  chart.  The  cor- 
rect value  of  this  grid  bias  is  obtained  when  th!e 
BIA^  control  resistor  is  rotated  to  the  setting 
listed  in  the  tube  data  chart.  An  AC  voltage  is 
applied  in  series  with  the  grid  bias.  This  signal 
causes  the  grid  potential  to  change  from  the  DC 
bias  level,  thereby  producing  the  grid-voltage 
change  required  for  a  dynamic  transconductance 
test.  The  plate  voltage  for  the  tube  under  test  is 
supplied  by  a  rectifier  tube.  A  meter  that  indi- 
cates the  plate-turrent  change  is  in  the  return  cir- 
cuit of  fhe  rectifier  supply.  A  dual  potentiometer 
is  used  to  adjust  the  re^stance  shunted  across 
the  jneter  so  that  a  single  meter  "scale  can  be 
used  for  testing  any  of  the  tubes  lifted  in  the 
tube  data  chart.  Another 'special  tester  is 'the 
Wheatstone  bridge,  a  special  resistance  tester.' 
^12-30.  Wheatstone  Bridges.  The  Wheatstone 
bridge'  is  a  network  circuit  generally  used  to 


measure  resistance.  It  is  far  more  accurate  than 
the  D'Arsonval  ohmmeter.  Generally  speaking, 
the  bridge  is  used  only  where  resistance  ?nust  be 
known  to  a  fraction  of  an  ohm.  Therefore,  for 
other  cases,  instruments  that  have  a  circuit  sim- 
ilar to  the  Wheatstone  bridge  are  used. 

12-31.  One  of  these,  the  simple  bridge  circuit 
shown  in  figure  43,  consists  essentially  of  a  sen- 
sitive galvanometer,  a  source  of  EMF,  t^o  fixed 
resistors  (A  and  B),  and  a  variable  one  (R). 
This  circuit,  which  will  serve  to  introduce  you  to 
the  Wheatstone  bridge,  operates  on  the  balance 
of  voltage  between  points  in  a  parallel  circuit. 
You  can  read  the  value  of  the  resistance  being 
measured  (X)  directly  from  the  rheostat  knob, 
which  controls  a  very  accurately  calibrated  var- 
iable resistor. 

12-32.  The  bridge  operatesr  in  the  following 
manner.  BR  and  AX  form  a  parallel  circuit  be- 
tween points  e  and  f,  and  the  voltage  across 
each  branch  is  equal  to  the  applied  voltage.  In 
Jfejd^  ^or  current  to  fiow  in  a  conductor,  a  dif- 
^l^jPRce  in  potential  (EMF)  must  exist  between 
the  two  points  to  which  it  is  connected. 

12-33.  To  balance  the  Wheatstone  bridge,  the 
terminals  of  the  galvanometer  (c  and  d)  must 
be  at  the  same  potential.  For  this  condition,  the 
voltage  across  R  must  equal  that  across  X,  and 
the  potential  across  B  must  equal  that  across  A. 
Since  A  and  B  have  the  same  resistance,  that  of 
R  must  correspond  to  X  in  order  for  the  bridge 
to  be  balanced.  By  chan^ng  the  resistance  of 
R  until  the  galvanometer  indicates  no  current 
flow,  you  can  read  the  value  of  X  in  ohms  from 
the  calibrated  knob  of  the  rheostat  (R). 

12-34.  Although  a  bridge  of  the  type  ex- 
plained is  extremely  accurate,  it  has  a  small 
range  of  capability  because  of  the  single  variable 
resistor.  By  making  A  and  B  variable,  you  can 
increase  the  range  many  times  v^le  retaining 
the  same  accuracy.  You  can  do  this  because  the 
ratio  of  any  two  adjacent  resistors  in  a  balanced 
circuit  is  equal  to  that  of  the  other  two.  This 
statement  can  be  summarized  by  the  following 
.  equations: 


Since  the  values  of  A,  B,  and  R  are  known,  you 
can  calculate  the  value  of  X.  Now  that  you  have 
studied  the  simple  circuit  for  background,  let's 
go  over  a  temperature  measurement  unit,  which 
is  an  airborne  installation  that  uses  a  typical 
Wheatstone  bridge. 

12-35.  There  are  100  ohms  in  the  thermom- 
eter resistance  of  the  sensitive  element  when  its 
temperature  is  at  some  predetermined  value. 
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Since  the  resistance  arms  (A,  B,  and  C)  are  set  the  permanent  magnet.  As  a  result  of  this  cf- 

for  100  ohms,  the  circuit  is  in  equilibrium,  and  feet,  the  pointer  moves  to  indicate  the  increase 

no  current  flows  through  the  coil  of  the  D' Arson-  or  decrease  of  temperature.  Since  the  possible 

val  meter  mechanism.  When  the  bulb  tempera-  error  owing  to  variations  of  supply  voltage  is  least 

ture  increases  or  decreases,  so  docs  its  rwistancc;  near  mechanical  zero,  this  point  is  on  the  portion 

but  the  resistances  of  the  other  arms  are  fixed.  of  the  scale  where  the  greatest  accuracy  is 

Smce  the  equilibrium  is  destroyed,  the  current  needed.  Specifically,  this  is  where  the  pointer  al- 

flows  througji  the  coil  of  the*  D'Arsonval  meter  ways  comes  to  rest  when  the  power  supply  is 

and  causes  it  to  rotate  between  the  poles  of  turned  off. 
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CHAPTER 


Advanced  Physics  for  the  Electrician 


WHAT  IS  WORK?  Before  work  can  be  de- 
fined, w6  must  know  what  force  is.  Force 
is  defined  as  energy  exerted.  This  simply  means^ 
that  if  for  some  reason  energy  is  directed,  then 
it  is  force.  This  concept  can  be  shown  in  a  more 
realistic  situation.  We  have  all  seen  a  ball  thrown 
into  the  air,  and  observed  the  ball  fall  back  to 
the  ground.  This  is  an  example  of  force.  Energy 
in  the  form  of  gravity  is  the  force  that  pulls  the 
ball  back  to  the  ground. 

2.  Armed  with  the  knowledge  of  force,  we 
can  now  defme  work,  but  work  is  not  simply 
the  application  of  force.  Work  is  the  transfer  of 
energy  from  one  object  to  another.  More  simply 
stated,  if  a  resistance  is  overcome  by  a  force  and 
\i  movement  results  in  a  measurable  distance, 
then  V.  is  done.  An  example  of  work  is  push- 
ing a  broom.  Energy  is  transferred  from  the  arm 
to  the  broom  handle  and  brush;  if  the  energy 
level  (force)  is  sufficient,  the  brush  will  slide 
over  the  floor,  guiding  the  dirt  in  the  direction  of 
brush  movement.  This  example  is  typical  of 
work  in  the  Air  Force  because  energy  is  trans- 
formed to  accomplish  an  objective.  In  this  ex- 
ample, the  objective  is  a  clean  floor. 

3.  Imagine,  if  you  will,  cleaning  the  floor  be- 
neath you  with  no  tools!  T)iis  task  would  take 
forever,  and  you  would  never  become  an  elec- 
trician. Fortunately,  we  have  tools  to  lessen  our 
labor.  These  tools  come  in  many  different  forms. 
We  can  be  more  general  and  call  this  applied 
physics. 

13.  Applied  Physics 

13-1.  Three  methods  of  applied  physics,  that 
interest  us  are  simple  machines,  effects  of  pres- 
sure and  temperature  on  a  material,  and  electron 
physics.  The  first  of  the  applied  physics  we  will 
discuss  is  the  simple  machine. 

13-2.  Simple  Machines.  Usually  a  madhine  is 
thought  of  as  a  complex  unit — an  engine  or  an 
adding  machine.  True,  these  are  machines,  but 
so  are  other  simpler  devices  such  as  crowban, 
screwdrivers,  or  steering  wheels.  A  machine  is 


any  device  that  helps  you  do  work.  Machines 
do  not  lessen  the  amount  of  work  to  be  done; 
they  only  make  the  job  easier  to  do,  A  machine 
may  help  a  man  do  a  job  by  changing  the 
amount  of  force  or  the  speed  of  the  action  that 
he  uses.  For  example,  a  clawhammer  is  a  ma- 
*chine.  It  can  be  used  to  apply  a  large  force.  A 
relatively  small  pull  on  the  handle  produces  a 
much  greater  force  at  the  claws  than  is  possible 
without  leverage.  In  many  ways,  man  can  in- 
crease the  force  he  applies.  Some  of  these  ways 
are  complicated,  but  even  the  complicated  ways 
are  only  combinations  of  two  or  more  simple  ma- 
chines. A  simple  machine  is  a  unit  that  cannot 
be  brol^en  down  into  more  simple  elements  and 
still  work. 

'  13-3.  How  can  we  tell  when  a  machine  is  do- 
ing an  efficient  job?  Measuring  input  and  output 
is  the  method  used.  We  call  this  measurement, 
mechanical  advantage. 

13-4.  Mechanical  advantage.  This  is  an  ex- 
pression of  the  ratio  of  the  resistance  and  the 
applied  force.  When  a  force  is  used  to  overcome 
a  larger  resisting  force,  a  mechanical  advantage 
is  said  to  exist.  The  mechanical  advantage  of 
force  may  be  determined  by  either  of  the  two 
formulas: 


MA  =     effort  distance 
resistance  distance 


Or 


MA  = 


resistance 
effort 


13-5.  All  simple  mac^ncs,  or  combinations 
thereof,  are  used,  primarily,  to  j:hange  direction 
or  size  of  an  available  force.  This  change  makes 
the  force  more  useful  in  doing  work  on  a  resist- 
ance. The  ratio  resulting  between  the  resistance 
and  the  effort  is  the  mechanical  advantage. 

13-6.  It  is  impossible  to  make  a  machine  100 
percent  efficient.  But  some  machines  are  more 
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efficient  than  dthers.  Friction  is  the  main  factor 
limiting  the  efficiency;  however,  friction  is  a  nec- 
essary evil. 

13-7.  Many  machines  dre  a  combination  of 
two  or  more  simple  machines.  The  mechanical 
advantage  of  a  compound  machine  is  usually  the 
product  of  the  separate  mechanical  advantages. 
If  one  machine  with  a  mechanical  advantage  of 
5  and  a  second  machine  with  the  same  advantage 
were  combined,  a  mechanical  advantage  of 
25  would  result  for  the  unit. 

13-8.  We  know  that  a  machine  should  de- 
crease the  amount  of  work.  Let's  look  at  an  ex- 
ample. 

13-9.  The  screw.  The  screw  is  a  simple  ma- 
chine that  has  many  uses.  Examples  of  the  ap- 
plication of  the  screw  are  the  vise  on  a  woric- 
bench,  the  screw  clamps  used  to  hold  pieces  of 
furniture  together  while  they  are  being  glued, 
and  the  jackscrew  used  in  lifting  an  airplane. 

13-10.  The  screw  is  a  modification  of  the  in- 
clined plane,  used  in  conjunction  with  a  lever. 
Cut  a  sheef  of  paper  in  the  shape  oi  a  right 
triangle.  Wind  it  around  a  pencil,  as  in  figure 
44,  foldout  1.  (Note  to  student:  Figs.  44-101 
"  can  be  found  on  foldouts  1-7  at  end  of  volume.) 
This  experiment  shows  that  the  screw  is  actually 
an  inclined  plane  wrapped  around  a  cylinder. 
The  distance  between  threads  is  called  the  pitch. 
Pitch  is  measured  along  the  length  of  the  screw. 

13-11.  Study  figure  45,  foldout  1.  There  you 
see  a  jackscrew.  "^t  is  the  type  used  to  raise  a 
house  or  a  piece  of  heavy  machinery.  The  jack 
has  a  lever  handle.  As  the  handle  is  pulled 
around  one  turn,  its  outer  end  completes  a  circle. 
That  is  the  distance  through  which  effort^  (F)  is 
applied.  At  the  same  time,  the  screw  has  made 
one  revolution,  and  has  been  raised  a  height 
equal  to  its  pitch  (h-P>.  One  full  thread  has 
come  out  of  the  base  and  the  load  has  been 
raised  a  distance  equal  to  the  pitch  of  screw. 

13-12.  The  theoretical  mechanical  advantage 
of  the  screw  is  equal  to  the  ratio  of  the  distance 
traveled  by  the  end  of  the  lever  to  the  distance 
between '  the  threads  of  the  screw.  The  for- 
mula is 

MA  =  ±j± 

in  which  R  equals  the  length  of  the  handle  and 
P  equals  the  pitch  of  the  screw. 

13-13.  If  the  length  of  the  lever  arm  is  24 
inches  and  the  pitch  of  the  threads  is  Va  inch, 
what  is  the  mechanical  advantage? 

MA       ^X-3'14X24  ^ 
1/4 


A  50-pound  force  on  the  handle  would  resuh  in 
a  lift  of  50  X  602,  or  about  30,000  pounds. 

13-14.  Keep  in  mind,  however,  that  the  fore- 
going equation  is  only  theoretical.  Actually,  the 
counter  force  of  friction  cuts  down  the  mechan- 
ical advantage  to  a  considerable  degree,  thus  nec- 
essitating more  force  than  the  equation  indicates. 
A  high  friction  loss  is  present  in  any  jack  because 
the  threads  are  so  cut  that  the  portion  of  the 
applied  force  used  to  overcome  friction  is  actually 
greater  than  the  portion  used  to  do  useful  work. 
K  the  threads  were  not  cut  this  way,  the  weight 
of  the  load  would  cause  the  jack  to  spin  back 
down  to  the  bottom  as  soon  as  the  force  is  re- 
leased. ^^^^^ 

13-15.  In  a  jack,  a  lotgf'^cular  motion  is 
used  to  get  a  small  amputffof  straight-line  move- 
ment from  the  hea*  (rf  the  jack.  As  with  all 
machines,  the  actual  mechanical  advantage 
equals  the  resistance  divided  by  the  applied  ef- 
fort. 

13-16.  Friction,  though  a  hindrance  in  doing 
work,  is  present  in  every  motion  or  movement. 
It  is  a  factor  which  lowen  the  efficiency  and 
mechanical  advantage  of  a  machine. 

13-17.  Simple  Tnachine  principles  are  used 
throughout  modem  aircraft.  Every  system  has 
one  or  more  of  the  simple  machines,  such  as 
the  lever,  pulley,  wheel  and  axle,  inclined  plane, 
wedge,  and  screw. 

13-18.  None  of  these  are  mysteri^  •  You 
will  encounter  them  in  your  everyday  duties.  If 
you  recognize  and  understand  them,  your  job  will 
be  easier. 

13-19.  This  is  not  the  only  applied  physics  that 
concerns  an  electrician.  Not  all  objectives  can 
be  accomplished  using  simple  machines  to  per- 
form work.  Forces  of  pressure  and  tempera- 
ture applied  to  a  material  can  be  harnessed  to  do 
work  in  many  aircraft  systems. 

13-20.  Effects  of  Pressure  and  Temperature* 
Matter  is  a  substance  that  has  space  and  weight.^ 
But,  what  docs  that  have  to  do  with>  pressure 
and  temperature?  Well,  anytime  matter  changes 
form — gas,  liquid*  or  solid — energy  is  r»;leased  or 
absorbed.  Of  course,  when  the  state  of  matter  is 
alteredj  the  volume  of  the  mafter  changes 
form.  Do  you  recall  that  a  transfer  of  energy  is 
work?  The  above  statement  thus  implies  that 
work  is  being  done.  The  first  eiBfect  discussed  is 
pressure.  ^ 

13-21.  Pressure,  Did  you  ever  try  to  walk  on 
crusted  snow  that  broke  through  under  your 
weight?  Unless  snowshocs.are  used,  you  know  it 
is  impossible  to  walk  on  thin-crusted  snow  with- 
out breaking  through.  The  snowshocs  do  not  re- 
duce your  weight— they  merely  distribute  it  over 
a  larger  are3;V  By  doing  this,  the  snowshoes  re- 
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ducc  the  pressure.  Prcssure^i^the  push  or  pull 
per  unit  area  of  the  surfacejacted  upon.  In  the 
Air  Force,  pr^sure  is^^^'fiormally  mcfasured  in 
pounds  per  square  im?n  (psi).  In  the  example 
above,  if  you  weigh  l60  pounds,  that  ^weight  or 
force  is  more  or  less  evenly  distributed  by  the 
soles  of  your  shoes.  The  area  of  the  soles  of  an 
average  man's  shoes  is  roughly  60  square 
inches.  Each  one  of  those  square  inches  ha^  to 
carry  160  60,  or  2.6  pounds  of  your  weight. 
Since  2.6  pounds  per  square  inch  is  too  much  for 
the  snow  crust,  you  break  through. 

13-22.  But,  put  on  the  snowshoes.  Your 
weight  now  is  distributed  over  an  area  of  900 
square  inches— depending,  of  course,  on  the  size 
of  the  snowshoes.  Now  the  forces  on  each  of 
those  square  inches  is  160  -J-  900,  or  only  0.18 
pound.  The  pressure  per  unit  area  on  the  snow 
has  been  decreased,  and  the  snow  can  support 
you. 

13-23.  Visualize  the  previous  examples;  and 
instead  of  ice,  use  water  or  even  steam.  The 
example  won't  work;  liquids  and  gases  have  dif- 
ferent properties  than  solids.  This  is  illusuated 
by  the  bourdon  tube  principle. 

13-24.  A  common  pressure  switch  works  on 
the  principle  of  a  bourdon  tube.  A  volume  of 
air  is  forced  through  a  small  tube  at  high  speed 
with  low  pressure.  Then  the  air  is  dumped  into 
a  chamber  where  speed  drastically  decreases 
and  pressure  increases  until  the  diaphragm  moves 
and  actuates  the  switch.  The  example  in  the 
following  paragraph  will  illustrate  the  operation 
of  this  principle. 

13-25.  Refer  to  figure  46,  foldout  1.  Notice 
that  the  switches  normally  have  open  electrical 
contacts  when  no  differential  air  pressure  is  ap- 
plied and  closed  electrical  contacts^  when  the  air 
pressiire  is  sufficient.  The  HI  port  (B)  on  the 
pressure  switch  leads  to  a  high-pressure  source. 
The  LO  si^e  port  (A)  of  the  pressure  switch  is 
vented  to  the  atmosphere.  When  enough  air  is 
available  for  operation,  the  diaphragm  (C)  is 
forced  upward  and  the  microswitci  (D)  is  closed. 
This  action  completes  the  jclectrical  circuit.  When 
the  air  pressure  drops  below  what  it  should  be 
foi-  opetation,  the  diaphragm  moves  downward 
and  the  microswitch  opens  the  electrical  circuit. 

13-26.  Pressure  is  used  in  many  systems  on 
£th  aif craft^  and  you  must  understand  pressure 
pfiysics  to  successfully  troubleshoot  these  systems. 
Another  force  of  physics  is  the  change  in  tem- 
perature of  a  material 

13-27.  Temperame,  We  have  all  Utt  ice 
melt,  water  boil,  and  steam  condense.  These 
examples  are  results  of  heat  applicatioh!  By  def- 
inition, the  above  action  is  work.'  Energy  is  being 
transferred  from  the  healing  source  to- the  ma- 


terial being  heated.  But,  most  electricinis  are  not 
concerned  with  water  on  an  aircraft,  so  let's  look 
for  a  different  example  of  temperature  effects. 

13-28.  A  continuous  cable  fire  warning  sys- 
tem operates  on  the  transfer  of  energy  because 
of  heat  application.  The  transfer  takes  place  in 
the  sensing  element.  What  happens  when  heat 
is  increased  around  the  sensing  element? 

13-29.  Two  conducting  materials  are  sepa- 
rated by  a  porous  ceramic  insulating  material  that 
is  impregnated  by  a  substance  that  reaqts  drasti- 
cally to  heat  application.  The  whole  operation 
depends  on  the  impregnated  substance  within  the 
makeup  of  the  sensing  element. 

13-30.  At  a  predetermined  point  the  impreg- 
nated substance  changes  from  a  solid  material  to 
a  liquid*  material.  As  a  result  the  liquid  sub- 
stance will  duct  through  the  pores  in  the  ceramic 
and  complete  a  low  resistance  path  for  current 
flow  between  the  two  conductors  (inside  and 
out).  The  reverse  is  triie  when  the  heat  is  re- 
moved from  the  sensing  element. 

13-31.  When  thc»  heat  is  removed,  the  liquid 
condition  will  revert  back  to  a  solid  and  that 
consequently  breaks  the  circuit  Why?  As  the 
temperature  of  the  substance  decreases,  cohesion  ^ 
.  will  become  the  major  force  and  the  volume  of 
the  impregnated  ^substance  decreases.  When  the 
transfer  of  energy  is  from  the  impregnated  ma- 
terial to  the  surrounding  air,  electrons  around 
the  nucleus  of  atoms  of  the  impregnated  sub- 
stance become-v^ore  dependent  upon  the  co- 
hesion force  thaimpon  an  outside  influence,  such 
as  temperature.  ' 

13-32.  We  have  seen  that  physiSal  changes  of 
a  material  can  be  put  to>work,  but  another  type 
of  physics  exists  that  interests  an  electrician 
above  the  level  of  simple  machine,  pressure,  and 
temperature  effects.  Of  course!  ELECTRON 
PHYSICS. 

13-33.  Electron  Physics.  You  may  well  won- 
der what  can  be  discussed  under  electrical  prin- 
ciples, and  specifically  electron  physics,  that  you 
can  use  in  your  work.  Let*s  try  to  explain  how 
these  two  subjects  arc  related  to  your  job. 

13-34.  As  an  aircraft  electrician,  you  will  be 
troubleshooting  complicated  electrical  systems. 
These  complicated  systems  very  often  contain 
transistors  or  other  semiconductor  devices.  To 
properly  troubleshoot  these  systems,  you  must 
understand  how  and  why  the  semiconductors  op- 
^  erate  or  you  will  not  be  able  to  properly  interpret 
the  indications  of  the  test  instruments  you  are 
using.  To  understand  semiconductors  you  must 
first  understand  the  nature  of  matter.  Even 
though  you  may  remember  some  parts  of  this 
subject  from  your  3-level  schooling,  we  shall  re- 
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view  the  material  to  insure  that  all  students  begin 
at  the  same  point. 

13-35-  Atomic  Structure.  AH  matter — ^solid, 
liquid,  and  gas — is  composed  of  molecules.  The 
molecules,  in  turn,  arc  composed  of  atoms.  Each 
of  the  hundrednodd  known  elements  of  matter  is 
compost  of  atoms  that  are  different  from  the 
atoms  of  the  other  elements.  They  differ  in  the 
number  of  subatomic  particles  which  they  con- 
tain. Three  major  subat(Mnic  particles  are  the 
proton,  neutron,  and  electron.  The  electron  is 
the  most  important  to  you  as  an  electrician.  The 
relationship  between  the  subatomic  particles  can 
best  be  described  as  electron  physics. 

13-36.  Let's  take  a  closer  look  at  the  behavior 
of  electrons  surrounding  the  nucleus.  Refer  to 
figure  47,  foldout  1. 

13-37.  The  protons  and  neutrons  together 
form  the  nucleus  of  an  atom  around  which  the 
electrons  circulate,  much  like  planets  around  the 
sun.  The  electrons  are  negative  charges^of  dec- 
tricity,  and  the  protons  are  positive  charges  of 
electricity.  In  the  normal  or  balanced  atom,  the 
number  of  electrons  equals  the  number  of  pro- 
tons. The  electrons  are  held  in  their  orbits  by 
the  attraction  that  exists  between  unlike  charges. 

13-38.  Let's  consider  an  atom  of  the  element 
carbon.  Figure  48,  foldout  1.  The  carbon  atom 
contains  six  positive  protons  in  its  nucleus  and 
six  negative  electrons  in  orbit.  The  charges  can- 
cel out,  so  the  atom  is  electrically  neutral. 

13-39.  Note  that  an  atom  is  electrically  neu- 
tral when  it  contains  the  same  number  of  positive 
charges  in  the  nucleus  as  it  has  negative  charges 
in  orbit.  Most  atoms  are  electrically  neutral.  If 
they  are  not  neutral,  they  are  called  IONS. 

13-40.  An  example  of  an  ion  is  foimd  in  figure 
49,  foldout  1.  There  are  four  protons,  but  only 
three  electrons.  The  three  negative  charges  do 
not  cancel  the  four  positive  charges,  so  the  atom 
is  not  neutral.  It  is  an  ION. 

13-41.  Another  example  is  found  m  figure  50, 
foldout  1.  Again,  there  are  four  protons,  but 
^  now  there  are  five  electrons.  This  too,  is  an  ION. 

13-42.  It  should  be  of  more  than  passing  in- 
terest for  you  to  note  there  is  a  difference  be- 
tween the  two  ions.  Figure  49,  foldout  1,  has 
four  protons  and  three  electrons  (  — ). 

Therefore,  having  one  more  positive  than  nega- 
tive charge,  it  is  a  positive  ion.  Figure  50,  fold- 
out  1,  has  four  protons,  and  five  electrons.  It 
has  an  extra  negative  charge  and  is^  therefore, 
a  negative  ion. 

13-43.  When  it  was  in  iis  neutral  state,  the 
atom  in  figure  49,  foldout  L  contained  four  pro- 
tons and  four  electrons.  Obviously,  then,  it  had 
.to  lose  one  electron  in  order  to  arrive  at  its 
i)resent  state  of  being  a  positive  ion.  Likewise, 


the  atom  in  figure  50  hac|  to  gain  one  electron 
t%>  arrive  at  its  present  state  of  being  a  negative 
ion.°  « 

13-44.  It  follows  that  in  order  for  an  atom 
to  become  an  ion,"  it  is  considered  to  either  have 
lost  Qr  gained  electrons  from  its  outer  orbit.  The 
outer  orbit  isn't  the  only  orbit  that  can  lose  or 
gain  electrons.  However,  it  is  the  only  one  we  are 
concerned  with  at  this  time. 

13-45.  The  OUTER  ORBIT  is  the  orbit  that 
is  farthest  from  the  nucleus.  The  electrons  in 
this  outer  orbit  are  called  valence  electrons. 
Valence  refers  to  the  position  of  an  electron  with 
respect  to  its  nucleus. 

13-46.  Perhaps  you're  wondering  where  the 
"lost"  electr'6ns  go  and  where  the  "gained"  elec- 
trons come  from.  Obviously,  when  they  go  some 
place  or  come  from  some  place,  there  is  move- 
ment involved.  This  movement  erf  electrons  is 
electric  current  and  will  be  discussed  in  following 
paragraphs. 

13-47.  Now,  let's  concentrate  on  valence  elec- 
trons (see  fig.  51).  In  some  substances  these 
electrons  are  easy  to  move  from  their  orbit.  Nor- 
mally, they  are  moved  from  their  orbit  by  the 
force  of  another  electron  entering  that  orbit.  They 
may  move  from  one  atom  to  another  in  a  hap-' 
hazard  manner.  Electrons  that  are  able  to  move 
in  this  fashion  are  known  as  free  electrons.  The 
atomic  structure  of  a  material  will  determine 
whether  or  not  the  material  has  mmy  or  fpw  free 
electrons. 

13-48.  In  general,  all  materials  may  be  placed 
in  one  of  the  following  three  major  categories: 
conductors,  semiconductors,  or  insulators.  These 
categories  were  evolved  from  a  consideration  of 
their  ability  to  allow  an  electric  current  to  flow. 
This,  in  turn,  depends  on  their  atomic  structure. 

,13-49.  Conductors.  A  good  conductor  is  a 
material  that  has  a  large  number  of  free  elec- 
trons. The  free  electrons  move  from  atom  to 
atom  in  a  haphazard  manner.  (Refer  to  figure 
52,  foldout  1.) 

13-50.  The  movement  is  approximately  equal 
in  all  directions  so  that  electrons  are  not  lost  or 
gained  by  any  particular  part  of  the  conductor. 
When  this  random  movement  of  free  electrons  in 
a  conductor  is  controlled  so  that  the  electrons 
move  generally  in  the  same  direction,  an  electron 
flow  results.  This  electron  flow  is  called  an  elec- 
tric current. 

13-51.  It  takes  quite  a  while  to  talk  about  it, 
but  the  effect  of  the  electron  movement  is  felt  - 
instantaneously  from  one  end  of  the  conductor  to 
the  other.  A  good  conductor,  then,  permits  free 
electrons  to  move  through  it.  In  so  doing,  it 
]^ermits  a  current  to  flow. 
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I3-S2.  A  significant  effect  upon  the  action  of 
the  free  electrons  is  temperature.  What  happens 
when  the  temperature  of  a  material  increases? 
The  volume  of  the  material  has  to  increase,  and 
the  free  electrons  move  farther  apart.  Therefore, 
a  constant  force  distributed  over  a  greater  area 
will  decrease  the  rate  at  which  the  free  electrons 
flow,  and  consequently,  work  is  decreased.  This 
principle  is  known  as  a  positive  temperature  co* 
efficient  and  is  prevailing  in  all  metals. 

13-53.  Conductors  may  be  in  the  form  of  bars, 
tubes,  or  shefetsr,  but  the  most  common  conduc- 
tors are  in  the  form  of  wire.  The  ability  of  a 
material  to  conduct  electricity  also  depends  upon 
its  dimensions.  This  will  be  covered  in  a  later 
discussion.  In  order  to  make  wire  easier  to  han- 
dle and  also  less  subject  to  changes  in  weather 
and  other  external  conditions,  it's  often  covered 
with  some  other  material  such  as  rubber,  plastiqw 
or  enamel.  These  coverings  also  provide  protec- 
tion against  short  circuits  and  leakage.  The 
coverings  are  known  as  insulators  and  will  be  the 
second  of  the  three  major  categories  we'll  discuss. 
Remember,  the  three  major  categories  were  con- 
ductors, semiconductors,  and  insulators.  The 
categories  were  evolved  from  a  consideration  of 
the  material's  ability  to  allow  electric  current  to 
flow.  This,  in  turn,  depends  upon  their  atomic 
structure. 

13-54.  Insulators.  An  insulator  is  a  material 
or  combination  of  materials,  the  atomic  structure 
of  which  opposes  the  movement  of  electrons  from 
atom  to  atom.  In  other  words,  an  insulator  is  a 
material  that  has  few  loosely  held  electrons.  No 
material  known  is  a  perfect  insulator,  but  there 
are  materials  that  are  such  poor  conductors  that 
for  all  practical  purposes  they  are  classed  as  in- 
sulators. Glass,  dry  wood,  rubber,  mica,  and  cer- 
tain plastics  such  as  polystyrene  are  materials 
that  are  good  insulators. 

13-55.  Now,  let's  review  what  has  been  cov- 
ered in  this  discussion.  We  defmed  a  conductor 
in  terms  of  its  atomic  structure.  A  good  conduc- 
tor is  a  material  that  has  a  large  number  of  free 
electrons.  Silver,  copper  and.  aluminum  are  ma- 
terials with  many  free  electrons.  Copper  is  the 
most  commonly  used.  In  terms  of  its  "atomic 
structure,  an  insulator  is  a  material  with  a  very 
small  number  of  free  electrons.  Rubber,  mica, 
glass,  dry  wood  and  plastics  are  examples  of  good 
insulators. 

13-56.  Semiconductors.  Between  the  extremes 
of  good  conductors  and  good  insulat9rs  are  a 
number  of  materials  lhat  are  neither  good 
conductors  nor  good  insulators.  Germanium  aQd 
silicon  fall  into  this  category  and  are  called  semi- 
conductors. An  important  characteristic  of  semi- 
conductors is  that  they  are  composed  of  atoms 


whose  valence  electrons  can  be  readily  shared 
with  another  adjacent  atom  of  the  same  material. 
For  example,  germanium,  the  most  common 
semiconductor  material,  has  four  valence  elec- 
trons that  can  be  readily  shared  with  another 
germanium  atom.  The  result  is  that  when  many 
germanium  (or  other  semiconductor  material) 
dtoms  are  close  together,  the  valence  electrons 
will  tend  to  form  covalent  bonds, 

13-57.  A  covalent  bond  is  formed  when  two 
adjacent  atoms  share  an  equal  number  of  valence 
electrons.  The  bond  is  maintained  by  the  attract- 
ing force  of  one  atom's  nucleus  on  the  other 
atom's  electrons,  although  there  is  no  change  in 
the  chemical  or  electrical  characteristics  of  either 
atom.  Only  substances  that  have  a  crystalline 
structure  have  the  ability  to  form  covalent  bonds. 

13-58.  A  specific  difference  between  scriiicon- 
ductors  and  the  other  two  categories  is  that  of 
heat  effect.  Normally,  a  substance  will  increase 
its  opposition  to  current  flow  as  temperature-  in- 
creases, but  a  semiconductor  will  decrease  its  op- 
position to  current  flow  with  an  increase  in 
temperature.  Reason  behind  this  principle  is  dis- 
cussed in  greater  detail  in  the  next  chapter. 

13-59.  Let's  look  at  a  part  of  electrical  physics 
that  deals  with  static  charges. 

13-60.  Electrostatics,  As, we  continue  mto  the 
area  of  charged  bodies,  keep  in  mind  that  we  are 
dealing  with  electrostatics.  The  study  of  electro- 
statics is  actually  the  study  o(  electrical  charge  at  ^ 
rest.  It  is  here  that  the  electrical  forces'  between 
particles  can  be  observed  experimentally  and 
measured  before  motion  begins.  The  fundamen- 
tal laws  that  govern  these  forces  can  be  derived 
and  stated. 

13-61.  Let's  take  an  example.  A  "pith  ball" 
(fig.  53, A,  foldout  1)  is  a  substance  containing 
many  thousands  of  atoms.  If  the  atoms  are  all 
neutral,  then  the  substance  is  also  neutral.  How- 
ever, if  you  take  away  some  electrons,  the  sub- 
stance becomes  positively  charged.  Add  electrons 
and  it  becomes  negatively  charged.  A  substance 
(fig.  53,B,  foldout  1)  may  be  in  any  one  of  three 
electrical  conditions.  The  conditions  are  positive, 
negative  or  neutral. 

13-62.  Remember  the  basic  law  of  electrical 
charges?  Like  charges  repel  each  other;  unlike 
charges  attract  each  other.  See  figure  53,C,  fold- 
out  !•  , 

13-63.  Charged  substances  either  attract  or  re- 
pel each  other,  since  their  charges  must  be  alike 
or  unlike.  Consider  a  pith  ball  that  is  positively 
charged.  Place  it  near  one  which  is  negatively 
charged  and  dhey.  will  attract  each  other.  If  the 
charges  are  ^at  enough  and  the  balls  are  free 
to  move,  they  wiU  come  into  contact.  Even  if  the 
balls  are  not  free  to. move,  a  force  of  attraction 
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exists  between  them  because  of  their  unlike 
charges.  This,  attraction  takes  place  because  the 
excess  electrons  of  the  negative  charge  are  try- 
ing to  ,move  to  the  positive  charge,  which  has  a 
deficiency  of  electrons.  The  attraction  is  feh 
through  the  electric  field  of  the  protons  and  elec- 
trons in  the  pith  ball.  An  electric  field  is  com- 
posed of  the  unseen  lines  of  force  ^hich  radiate 
in  all  directions. 

13-64.  A  force  of  repulsion  always  exists  be- 
tween like  charges  due  to  their  electric  fields. 
Thus,  if  a  moving  electron  come^  close  to  another 
electron,  the  second  electron  will  be  pushed  away 
without  the  two  electrons  coming  into  contact. 
The  force  of  this  repulsion  between  like  electro- 
static charges,  or  attraction  between  unlike 
charges,  is  related  to  the  distance  between  the 
charged  bodies..  This  can  be  shown  by  the  fol- 
lowing formula: 


f  =  ± 


where  f  =  force  (in  dynes) 

Qi  =  charge  on  body  1 

Qf  :=  charge  on  body  2 

d*  :=  distance  squared  (in  centimeters) 
±  is  used  because  the  force  can  be  either  attraction  or 
repulsion 

13-65.  Let  us  inject  a  cheerful  note  about  this 
formula.  You  don't  have  to  be  too  concerned 
with  it  at  this  time.  We  are  only  using  it  to  show 
you  the  relationship  between  distance  and  force 
in  cl^ged  bodies.  However,  it  should  bring  an 
important  point  to  your  attention.  The  point  is 
that  the  charges  on  a  body  (Cji  and  Qa)  are 
measurable.  Indeed  they  are.  The  unit  of  elec- 
trical charge  is  the  coulomb.  The  coulomb  is  a 
definite  quantity  of  electrons. 

13-66.  Coulomb.  There  arc  many  clectrons^n 
a  coulomb  of  electrical  charge.  Specifically^  one 
coulomb  contains  6.28  X  10"  electrons,  which 
is  6.28  million,  million,  million  electrons.  The 
coulomb  measures  the,  quantity  of  the  electrical 
charge  (number  of  electrons)  regardless  of 
whether  the  charge  is  in  motion  or  standing  still. 
The  law  of  electric  charges  may  be  extended  to 
explain  other  important  phenomena. 

13-67.  Friction.  Let's  take  a  look  at  how  sub- 
stances may  be  charged  and  the  distribution  of 
the  charges  on  the  substance.  Friction  is  the  most 
common  method  of  producing  a  static  charge. 
We  use  two  examples.  Rub  a  glass  rod  with  a 
piece  of  silk  and  the  friction  produces  a  static 
charge  on  the'rbd.  Rub  a  rubber  rod  with  a  piece 
of  cat's  fur  and  again  the  friction  produces  a 
static  charge  on  the  rod.  Arbitrarily,  we  call  the 


charge  on  the  glass  positive  and  that  on  the  rub- 
ber negative. 

13-68.  Conduction,  Another  method  is  through 
conduction.  If  you  should  touch  a  positively 
charged  rod  to  an  uncharged  metal  bar,  it  will 
attract  electrons  in  the  bar  to  the  point  of  con- 
tact. Some  of  these  electrons  will  leave  the  bar 
and  enter  the  rod,  which  causes  the  bar  to  be- 
come positively  charged  and  decreases  the  posi- 
tive charge  of  the  rod.  See  figure  54  on  foldout 
2.  The  transfer  of  static  charge  through  actual 
contact  is  known  as  conduction. 

13-69.  Induction.  Suppose  that  instead  of 
touching  the  bar  with  the  rod,  you  only  bring  the 
positively  charged  rod  near  to  the  bar.  In  this 
case,  electrons  in  the  bar  are  attracted  to  the 
point  nearest  the  rod,  which  causes  a  negative 
charge  at  that  point  and  a  positive  charge  at  the 
other  end.  See  figure  55  on  foldout  2. 

13-70.  By  allowing  electrons  from  an  outside 
source  (your  finger,  for  instance)  to  enter  the 
positive  end  of  the  bar,  you  can  gjve  the  bar  a 
negative  charge.  The  bar  has  become  charged 
even  though  the  rod  did  not  touch  it.  This  is 
known  as  the  induction  method  of  charging  a 
substance.  See  figure  55  on  foldout  2. 

13-71.  This  discussion  covered  the  normal 
conditions  of  an  electric  charge  at  rest.  What 
happens  when  the  charge  is  put  in  motion  is  o^ 
next  subject. 

13-72.  Electrodynamics*  In  a  previous  discus* 
sion  a  conductor  was  defined  in  terms  of  its 
atomic  structure.  It  was  stated  that  a  good  con- 
ductor is  a  material  with  many  free  electrons. 
An  interesting  point  was  made  about  electron 
characteristics.  The  electric  field  around  an 
electron  causes  it  to  repel  other  electrons  without 
actually  touching  the  other  electrons.  Now,  let's 
take  a  good  conductor  and  pay  particular  atten- 
tion to  the  free  electrons  in  it.  For  an  example, 
let's  use  an  automobile  battery  as  our  source  of 
electrons,  see  figure  56  on  foldout  2.  Chemical 
action  inside  the  battery  has  caused  electrons  to 
pile  up  on  the  negative  terminal.  A  conductor  is 
connected  to  this  terminal. 

13-73.  Current  flow.  When  the  random  move- 
ment of  free  electrons  in  a  conductor  is  controlled 
so  that  the  electrons  move  generally  in  the  same 
direction,  an  electron  flow  results;  this  electron 
flow  is  called  an  electric  current.  Obviously,  our 
battery  in  figure  56,  foldout  2,  has  caused  a  cur- 
rent flow  through  the  conductors.  The  electrons 
have  moved  from  the  negative  terminal  through 
the  conductors,  and  back  to  the  battery  through 
the  positive  terminal.  Actually,  this  movement  of 
electrons  occurs  simultaneously  throughout  the 
conductor. 
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13-74.  Try  not  to  think  of  the  current  flow  as 
^own  in  figure  56  on  foldout  2  in  terms  of  an 
individual  electron  leaving  the  negative  terminal, 
moving  around  the  conductor  and  back  into  the 
positive  terminal,  but  rather  as  a  chain  reaction 
which  takes  place  throughout  the  entire  conduc- 
tor. At  the  time  that  one  electron  was  leaving  the 
negative  terminal,  a  free  electron  was  puUcd  off 
the  conductor  by  the  positive  terminal.  The  net 
effect  is  felt  instaneously  between  the  terminals 
and  throughout  the  conductor.  ^ 

13-75.  This  is  the  basis  of  the  electron  theory. 
Electrons  always  move  from  po«tive  to  negative 
inside  a  battery  and  from  negative  to  positive  in 
the  external  circuit.  Smce  there  is  a  difference  in 
the  quantity  of  electrons  between  \he  two  battery 
terminals,  we  can  say  a  potential  •  diiierence 
exists.  If  a  conductor  is  connected  between  the 
terminals,  the  excess  electrons  on  the  negative 
post  flows  toward  th&  positive  post,  where  *there 
is  a  shortage  of  electrons.  In  order  to  have  elec- 
tron flow,  there  must  be  a  potential  difference. 
Etectron  flow  is  a  ^quantity  of  electrons  mo\dng 
through  a  conductor  and  is  measured  in  coulombs. 

13-76.  Amperage.  There  are  6.28  X  lO** 
electrons  ih  one  coulomb.  By  counting  the  cou- 
lombs which  pass  in  a  given  length  of  time,  the  ' 
current  flow  is  measured.  The  unit  of  oincnt 
flow  is  the  qmpere.  One  ampere  of  current  ys 
flowing  when  one  coulomb  of  electrons  passes 
through  the  material  in  1  second;  two  amperes 
when  two  coulombs  pass  per  second,  etc. 

13-77.  Since  amperes,  mean  coulombs  per  sec- 
ond, the  ampere  is.  the  rate  at  which  electrons 
are  mbving  through  a  material.  The  coulomb, 
which  represents  the  number  of  electrons  io  a 
charge,  is  a  measure  of  quantity.  The  symbol  for 
current  is  "1." 

^  13-78.  Voltage.'  As  has  already  been  dis- 
cussed, the  modem  concept  of  electricity  regards 
current  as  a  flow  of  electric  charges.  Free^  elec- 
trons move  about  the  interior  of  the  substance, 
continually  having  their  direction  changed  by  ^col- 
lisions with  other  electrons  ^nd  atoms.  Each  elec| 
tron  produces  an  Aectrical  and  magnetic  ^field 
when  jt  moves,  but  the  fields  produced  by  the 
random  electron  motions  ^cancel  one  another; 
thus  no  directed  electrical  current  flows  under 
these  circumstances.  You  will  remember  that '  a 
negative  charge  is  attracted  to  a  positive  charge, 
and  vice^  versa.  If  one  end  of  a  conductor  is 
made  to  become  positively  charged  and  the  other 
end  ,to  become  negatively  charged^,  an  electrical 
fofce  will  exist  between  the  two  ends  of  the 
conductive  mcdiunj.  Electrons  will  then  be  driven 
'  through  the  conductor  from  the  negative  end  to 
the  positive  end  as  long  as  the  force  is  applied. 

There  is  such  a  force  available;  it  is  called  by  a 
it 


variety  of  names,  such  as  difference  in  potential, 
potential  difference,  electromotive  force,  voltage, 
and  voltage  drop.  ^ 

13-^9.  The  difference  of  potential  or  voltage 
can  be  obtained  from  a  chemical  reaction,  as  in  a 
battery  cell,  or  in  many  types  of  electrical  de- 
vices. If  a  wire  is  c6nnected' across  a  battery, 
electrons  in  the  wire  will  be  repelle^_from  the 
negative  battery  terminal  and  attracted  to  the 
positive  battery  terminal.  As  a  re^lt,  a  mover 
ment  or  flow  of  electrons  through  the  wire  circuit 
will  take  place;  the  motion  of  each  electron  is  the 
resultant  pf  its  random  motion  and  the  motion 
produced  by  the  applied  voltage.  In  practice,  it 
is  customary  to  use  the  words  potential  and  volt- 
age interchangeably. 

13-80.  The  negative, sign  (•^)  used  in  a  bat- 
tery diagram  docs  not  mean  that  the  negative 
plate  fs  actually  at  a  negative  potential,  but 
merely  that  with  respect  to  any  reference  point  in 
that  circuit,  it  is  at  a  lower  potential  than  the 
plate  marked  with  the  plus  ( + )  sign. 

13-81.  One  thing  you 'must  remember  is  that 
when  a  voltage  exists  only  between  two  given  or 
selected  jyints,  it  is  the  electrons  that  move  or 
flow  from  point  to  point  in  a  conductive  medium. 
In  more  advanced  eleitrooic  circuits  wherc^the 
electrical  currents  are  continually  varying  in 
strength  with  time,  you  will  be  required  to  mathe- 
matically plot  the  wstve  shape  of  this  chan^ng 
amplitude.  Similarly,  you  will  also  be-required  to 
plot  the  strength  of  a  voltage  wave  that  con- 
tinually varies -in, amplitude  :^th  time.  The  two 
g?hphs  may  or  may  not  exactly  coincide,  but  the 
graphs  are  strikingly  similar.  You  can  fall  into 
the  error  of  considering  a  voltage  as  something 
that  flows  simply  by  comparison  of  the  two  types 
of  graphs.^  •  ,         .  ^ 

13-82.  Whenever  two  points  of  unequal  charge 
are  dbnnccted,  a  current  flows  from  the  more 
negative  to  the  more  positive  charge.  The  greater 
the/EMF  or  voltage  between  the  charges,  the', 
greater  the  amount  of  current  flow,,  l^lcctrical 
equipment  is  designed  to  operate  with  a  certain 
amount  of  current  flow,  and  when  this  amount  is 
exceeded"  the  equipnient  m'^y  be  damaged.  Four 
comnion  sources  of  EMF  are  mechanical  (gen- 
eratpr),  chemical  (battetV),  photoelectric  (light), 
and  thermal  (heat).  -  ^ 

13-83.  You  will  usuayy  use  only  mechanical 
and  chemical  action,  with  ^mechanical  being  the 
most  common.  •  AB-ot  the,  electric  power  used, 
'except  for  emergency  atid  portable  equipment, 
originally  comes  from  a  generator  Jn  a  power 
plant.  The  next  discussion  will  cover  Jpagnetism 
and  generation.  * 
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14.  Mogn^tlsiii  and  0«n«rQtiofi 

14-1.  An  understanding  of  the  nature  and 
priridplw  of  magnetism'  is  extremisly  helpful  in 
understanding  electrical  circuit  operation.  Etiec- 
tricity  and  magnetism  work  hand  in  hand  when- 
ever an  electrical  circuit  U  used  to  perform  a  use- 
ful task.  Although  motors,  ^  g^erators,  and 
transformers  are  usually  thought  of  as  electrical 
devices,  magnetism  plays  a  vital  part  in  their  op- 
•  eration.  /  Since  magnetism  has  a  practical  applica- 
tion in  many  different  kinds  of  eleirtfifcal  devices, 
we  will  begin  with  a  brief  review  of  the  basic  laws 
of  magnetism. 

14-2.  Baric  Laws  of  Magsedsixu  Whenever  a 
bar  magnet  is  dipped  into  iron  filings,  a  large 
niunbcr  of  HUngs  cling  to  the  magnet  near  its 
ends,  but  a  few  attach  themselves  ta  the  magnet 
f  near  its  center.  This  action  indicates  that  the 
'^Aagnetism  is '  concentrated  at  the  ends  of  the 
magnet  These  ends  are  called  the  poles  of  the 
ina^et,  and  the  magnetic  strength  of  each  of  the 
tw^  poles  of  a  magnet  is  always  equal. 

14-3.  A  magnet  that  is  free  to  rotate  always 
turns  to  a^  north-south  direction,  aligning  itself 
with  ;he  earth's  magnetic  field.  The  nortthseek- 
•ing^end  of  the  magnet  is  called  the  north  pole, 
an3  the  south-seekiQg  end  of  the  magnet  is  tailed 
the  south  pole.  If  you^  bring  the  south  pole  of 
one  magnet  near  the  -n^rth  pole  of  another  mag- 
net there  is  an  attraction  oetween  the  two  poles. 
If  you  bring  two  north  poles  or  two  south. poles 
together]  there  is-  a  force  of  repulsion  between 
the  two  poles.  TTiis  action  may  be  summed  up 
by  these  two  basic  laws  of  mignetism:^  (1)  Un- 
like poles  attract  each  other,  and  (2)  lif^e  poles 
repel  each  other. 

14-4.  The  force  of  reaction  (either  attrj 
or  jrcpulsion)  between  the  poles  of  two  magpets 
varies  directly  as  the  product  'of  the  strength  of 
the  poles  and  inversely, as  the- square. of  the  dis-*^ 
tance  between  them. 

14-5.  The  region  around  a  magnet  in  which  its 
effect  can  be  detected  is  known  as  its  magnetic 
field.  The  most  common  method  used  to  show  a 
magnetic  field  is. to  place  a  piece  dl  paper  over  a 
»  bar  magnet  and  sprinkle  ir^n  filings  over  the 
paper.  Whenever  the  papcx  is  tipped  lightly,  the 
filings  anange  themselves  in  a  definite  patten^, 
which  outlines  the  magnetic  field.  The  magnetic 
field  is  spoken  of  as  being  composed  of  lines  of 
force,  or  fiux  Unes. 

14-6.  Figure  57,  ioldout  2,  shows  magnetic 
lines  of  force  around  a  bar  magnet.  The  fiux 
lines  (the  field)  extend  about  the  magnet  from 
the  north  pole  to  the  south  pole  externally  and 
from  the  south  pole  to  the  north  pole  internally. 
You  should  also  note  that  the  lin^  of  force  never 


cros^  each  other  and  that  they  exist  in  complete, 
unbroken  paths.  ^  *  • 

14-7.  This  concludes  our  review  of  the  basic 
vlaws  of  magnetism.  Now  let  us  turn  our  atten- 
tion to  electromagnetic  fields.- 

14-8.  Electromagnetic  Fields.  Many  years  ago 
it  was  discovered  that  a  current-carrying  conduc- 
tor was  surrounded  by  a  magnetic  field  and  that 
lines  of  force  fornjed  around  the  conductor.  This 
was  before  it  was  realized  that  moving  electrons 
with  their  associated  magnetic  fields  make  up  an^ 
electric  current.  The  direction  of  this  magnetic 
field  is  tangent  to  a  circle  about  the  conductor, 
and  the  strength  of  the  field  decreasei^  as  the 
distance  from  the  conductor  increases.  / 

14-9.  There  is  a  direction  associated/ with  mag- 
netic fields,  both  natural  ^and  electromagnetic. 
The  direction  is  the  direction  toward  which  the 
north  pole  of  a  test  magnetic  needl^  points  when 
it  is  placed  in  the  field.  The  direction  depends 
on  the  direction  of  electron  fiow  i^  the  conductor. 
In  part  A  of  figure  58,  foldout  /2,  the'  electrons 
are  moving  into  the  page  and  the  direction  of  the 
field  around  the  conductor  is^  counterclockwise. 
In  part  B  of  figure  58,  foldqut  2,  the  electrons 
are  moving  out  of  the  pagjsi  and  the  direction 
of  the  field  around  the  condiictor  is  clockwise. 

14-10.  The  direction  of  the  magnetic  field 
around  a  conductor  may  be  determined  by  using 
the  left-hand  rule,  /jf  yon  grasp  a  conductor  with 
your  left  hand  so  that  your  thumb  points  in  the 
direction  of  electron  flow  in  the  cgnductor^  yoitr 
fingers  will  indicate  the  direction  of  the  magnetic, 
field. 

14-11.  Magnetic  field  about  a  loop.  If  a 
strstight  conductor  is  bent  into  a  single-turn  loop, 
e  lines  of  force  concentrate  within  the  loop, 
s  concentration  oqciurs  because  all  the  lines  of 
force  enter  the  loop  from  one  side  and  leave  at 
the  other  side  of  the  loop.  This  picture  is  similar 
to  the  magnetic  field  around  a  bar  magnet,  and 
like  a  bar  magnet,  the  loop  has  magnetic  poles. 

14-12.  Magnetic  field  in  a  solenoid.  If  several 
turns  of  wire  are  wound  closely  together  into  the 
form  of  a  coil,  the  magnetic  fields  around  each 
turn  will  have  the  same  direction.  <^When  current 
fiows  through  the  coil,  the  coil  is  surrounded  by  a 
magn^c  field.  One  end  of  the  coil  becomes  a 
north  pole  and  the  other  end  becomes  a  south 
pole.  To  determine  the  polarity  of  a  coil,  use 
the  left-hand  rule.  Grasp  the  coil  with  the  left 
hand  so  that  the  fingers  point  in  the  direction  of 
electron  flow.  Your  thumb  will  point  in  the  di- 
rection of  the  north  pole. 

14-13.  What  happens  if  a  soft-iron  core  is  in- 
serted into  the  coil?  This  action  concentrates  the 
magnetic  field.  The  increase  in  the  field  is  not 
caused  by  an  increase  in  intensity,  but  by  the 
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magnetization  of  the  iron  core.  The  field  intensity 
can  be  changed  only  by  varying  the  number  of 
turns  in  the  coil  or  by  varying  the  current  flow 
through  the  coil.  « 

14-14.  So  far  in  this  chapter  we  have  dis-  . 
cussed  electron  physics  and  magnetism.  Earlier 
in  the  chapter  we  uscd^  the-  term  "electromotive 
force/'  Now,  let's  combine^  what  we  have 
learned  and  discuss  the  mechanical  generation  of 
an  electromotive  force.. 

14-15.  Producing  an  EMF.  If  you  think  back 
to  the  tKne  when  you  were  attending  electrical 
school,  '70U  will  prdbably  rerticmber  the  most 
common  methods  of  producing  ah  EMF  were 
heat,  pre:ssure,  photoelectric  effect,  chemical,  and 
magnetic^ or  mechanical)..  The  most  common 
methods,  of  courseware  chemical  and  mechani- 
cal. '  As  an  aircraft  electrician,  these  are  the  most 
important  to  jrou.  For  the  time  being,  let  us  con- 
centrate on  the  mechanical  method  of  producing 
an  EMF.        '  ^ 

14-16.  'In  the  section  on  mag^etisfn,  you 
learned  that  whepever  an  electric  current  moves 
through  a  conductor,  a  magnetic  field  is  set  up 
around  the  conductor.  If  a  conductor  is  moved 
within  the  magnetic  field,  around  a  magnet,  an 
electric  current  is  produced  within  the  conductor 
as  it  cuts  the  n^gnetic  liqes  of  force.  This  ]|)rocess 
is  known  as  inatictiohy  and  it  is  the  key  to  under- 
standing how  an.^MF  is  mechanically  generated.  * 
Now,  let's  turn  our  attention  to  the  interaction 
between  n^agnetic  fields .  and  conductors  placed 
within  these'^magnetic  fields. 
'  1-4-17.  Force  of  magnetic  fields  on  conductors. 
If  you  place  a  currintH:arrying'  condiictor  in  a 
unifffrm^  ntbgnetic  field  (one  that  possesses  the 
sam.e  strength  everywhere  in  the  vicinity  of  the 
conductor),  the  conductor  ^ill  move.  The  direc- 
tion of  mdvenfelit  is  at  right  angles  to  the  mag- 
netic field.  '  The  movement  is  caused  by  ^the  inter- 
action of  the^  field  *  about  .the  conductor  (due 
.to^the  electron  flo\y  through  the  conductor)  and 
-the  magnetic  field  ^  in  which  the  conductor  is 
.  placed.-  .Figure  59,  foldout  2,  shows  a  ^cuprent-  * 
.  carrying  conductor' placed  within  a  uniform  mag- 
netic field.  The  electron  flow  in  the  conductor  is 
into  the  page,  as  shown  ^y  the  symbol  +  at  the 
-center  of  the  conductor.  The  direction  of  the 
magnetic  lines  of  foffie  around  the  conductor, 
therefore,  is  counterclockwise. 

14-lS;  Below  the  conductor  in  figure  59,  fold- 
out  2,  the  lines  of  force  produced  by  the  conduc- 
tor are  in  the  same  tlirection  as  those  produced 
by  the  north  ai)d  south  poles  of  the  magnet  and 
(end  to  reinforce  them.  Above  the  conductor, 
the  4nes  of  force  of  the  two  fields  are  in  opposite 
directions  ^nd  tend  to.counteraet  each  other.  The 
resultant  field  below  the  conductor  is  strong. 


whereas  the  resultant  field  above  the  conductor, 
is  weak.  The  repelling  action  between  the  lines  < 
of  force  causes  the  conductor  to  move  up  toward 
the  weaker  field,  as  shown  by  the  arrow  in  fig-  i 
ure  59,  foldeut  2. 

14-19.  The  force  -txSncd  on, the  conductor  is 
,  proportioilal  to  the  flux  density,  the  antiount  of 
current  flow  in  the  conductor,  and  the  length, of 
the  Conductor  perpendicular  to  the  magnetic  iield. 

14-20.  Whenever  two  curreit-carrying  con- 
ductors, are  placed  near  each  other,  the  magnetic  ^ 
fields  around  the  •  condyictors  produce  a  force 
which  reacts  on  each  conductor.  Part  A  of  fig- 
ure 60,  foldD^t  2,  shows  the  fields  around  two 
conductors  carrying  current  flow  in  the  same  di- 
•re^tion  (out  of  the  page).  The  magnetic  lines 
of  force  around  each  conductor  are  in  a  clockwise 
direction.  Between  th^  two  conductors,  the  liner ' 
of  force  are  in  opposite  direc^ons  and  tend  to 
counteract  each  other.  Thh  weakens  the  field 
between  the  conductors,  and  ^they  move  toward 
each  other.  Part  B  of  figure  60,  foldout  2,  shows 
two  .conductors  carrying  current  in  opposite  di- 
rect|oi\s.  The  magnetic  lides  of  force  around  th% 
left-hand  conductor  are  clockwise,  while  those 
around  the  right-hand  conductor  are  counter- 
clockwise. The  resultant  field  between  the  con- 
ductors is  strengthened,  since  the  lines  of  force 
are  in  the  same  direction  and  the  two  conductors 
are  forced  apart. 

14-21.  The  process  of  induction  has  been 
talked  about  in  the  section  of  electrostatics,  and 
»  the  process  was  very  similar  to  a  magnetic  field 
passing  through  a  conductor.  Energy  causing  the 
magnetic  field  to  move  is  transferred  to  the  free 
electrons  in  the  conductor.  Then  electrons 
gather  at  one  end  of  the  conductor,  which  causes 
a  difference-in-potential  with  respect  to  the  op- 
posite end  of  the  conductor.  Results!  INDUCED 
EMF,  •  ' 

14-22.  Now  that  we  have  an  induced  EMF, 
two  factors  affecting  the  quantity  of  EMF  are 
needed  if  we  wapt  to  «build  a  generator.  The 
two  factors  are  the  strength  of  the  magnetic  field 
*  >Qnd  the  relative  speed  between  the  conductor 
and  the  field.  .  ^ 

14-23. -T/i^  strength  of  the  field.  The  stronger 
the  field,  the  more  lines  of  for.ce  are  concentrated 
between  the  two .  poles.  Remember,  a  line  of 
force  must  cut  a  conductor  to  induce  an  EMF; 
therefore,  if  the  lines  of  force  are  ^re  numer- 
ous, the  induced  EMF  will  be  stronger. 

14-24.  Time,  As  the  relative  speed  between 
the  conductors  and  the  magnetic  field  increases, 
the  greater  the^  magnitude  of  the  indjjtced  EMF. 
Contfol  of  these  two  factors  means  control  of  the 
induced  EMF. 

'7        >  ,  w 


14-25.  Another  interesting  effect  of  an  in- 
duced EMF  is  to  oppose  the  force  causing  the 
induction.  This  effect  is  known  as  Lenz's  law. 

14-26.  Lefiz's  law,  .The  direction  of  the  con- 
ductor movement,  the  direction  of  magnetic  lines 
of  force,  and  the  direction  that  a  current,  caused 
by  an  induced  EMF  will  flow  are  all  factprs  of 
benz's  law.  The  law  states,  *1n  all  cases,  the 
itfduccd  current  is  in  such  a  direction  as  to  oppose 
jffie  motion  which  generates  it."   (Refe^  to  fig. 

foldout  2.)  ^ 

14r27.  Applications  of  the  law  \idll  be  consid 
ered  in  detail  within  the  discussion  covering  gen- 
erators, motors,  and  motor  generator.  At  this 
point,  we  are  primarily  interested  in  aWmining 
the  polarity  of  an  induced  EMF  when  tte  direc- 
,tron  of  movement  by  the  magnet  and  the  dircc- 
tioB  Xif  lines  of  force  ire  tnqwn.       •       ^ ' 

14-28.  To  show  that  the  induced  voltage  is  al- 
ways opposite  to  the  force  that  pr6duccd  it,  let 
us  examine  .figure  61,  foldout  2.  As  shown  in 
the  figure,-  aj^wirc  coil  wound  in  the  form  of  a 
solenoid  is  placed  so  that  its  turns  are  in  a  hori- 
zontal plane.  A  galvanometer  (G)  is  connected 
across  the  coil  to  complete  the  circuit  and  allow 
current  flow  when  a  voltage  is  induced.  When 
the  north  pole  of  a^  magnet  is  thrust  into  the 
center  of  the  coil,  a  voltage  is  induced.  The 
^urrent  which  results  ffom  this  voltage  flows  in 
-  the  direction  mdicated  by  the  arrow  labeled  "i."* 
So  far  as  the  external  circuit  is  concealed,  the, 
polarity  of  the  induced  voltage  is  as  shown;  the 
top  lead  being  positive  and  the^  bottom  lead  be- 
-mg  negative.  This' causes  the  top  end  of  the  coil 
to  appear  as  a  north  pole,  which  opposes  the 
downward  direction  of  the  magnet. ' 

14-29.  The  induced  polarity  of  the  coil  must 
be  the  same  as  th^t  of  the  approachmg  magnetic 
pole.  Otherwise,  it  would  be  necessary  only  to  ^ 
start  a  magnetic  pole  into  the  coil,  and  wherf  the 
magnetic  field  induced  an  opposite  pole  in  the 
coil,  the  magnet  would  be  drawn  in,  inducing 
additional  EMF  withoyt  work.  This  would  pro- 
vide -aa  unlimited  source  of  energy  without  doing 
any  work,  a  condition  that  is  contrary  to  the 
law  of  the  conservation  of  energy. 

14-30.  The  importance x)f  Lenz*s  law  will  be- 
come obvious  when  applied  to  the  AC  genera- 
tors discussed  in  the  next  section.  - 

14-31.  Simple  AC  Generator.  Figure  62,  fold- 
out  3,  shows  a  simple  AC  generator.  As  shown 
in  illustration,  the  conductor,  also  called'  the  * 
armature,  has  been  bent  into  the  form  of  a  coil 
and  mounted  so  that  it  can  be  rotated  in  the 
magnetic  field  produced  by  the  pole  pieces.  The 
voltage  induced  in  the  imiiuiiJlb  ts  shown  graphi- 
cally in  the  lower  part  of  figure  62,  foldout  3. 

14-34i  When  the  loop  is  parsing  through  posi- 

•  78 


ERIC  ' 


tion  1  (fig.  62,  foldou^  3),  no  voltage  is  induced 
in  the  loop  because  at  this  instant  the  conductor 
is  moving  parallel  to  the  lines  of  flux  and  no 
lines  of  flux  are  being  linked  with  the  conductor. 
As  the  conductor  is  rotated  toward  position  2, 
side  A  is  moving  down  through  the  magnetic 
field* and  sid^B  is  moving  up  through  the  same 
magnetic  fijKd.  A  voltage  is  induced  .in  each 
side  of  the  loop  but  in  opposite  directions.  This 
corresponds  to  the  graph  in  figure  62,  foldout  3, 
in  which  maximum  current  flows  when  the  con- 
ductor rotates  90°.  As  the  conductor  continues 
to  rotate  toward  position  3,  you  can  see  that  the  - 
current  drops  off  to  zero  \t^hen  the  conductor  has 
rotated  180''.  At  position  4  (270^),  the  current 
'  has  again treached  maximum  but  in  the  opposite 
.direction  from  position  -2.  You  can  verify  this  by 
the  left-hand  rule.  . 

14-33.  In  order  to  make  use  of  the  EMF  in-» 
duced  in  the  rotating  conductor,  the  two  ends  of 
^  the  loop  are  connected  to  two  sliprings,  as  shown 
Muv  figure  62.  Each  ring  is  continuous  and  is 
i|isulaled  from  the  shaft  and  from  the  other  slip- 
ring.  The  brushes  are  connected  to.  the  load 
^and  rest  against  the  sliprings.  As  the  coil  rotates, 
the  brushes  make  sliding  contact  with  the  slip- 
rihgs,  completing  the  circuit  at  all  times. 

14-34.  Tlje  amplitude  of  the  induced  voltage 
depends  upon  the  strength  of  the  magnetic  field 
and  the  speed  at  which  the  coil  rotates.  In  figure 
62v  if  the  strength  of  the  magnetic  field  is  fn^ 
creased  and  the  speed^of  rotation  is  unchanged, 
the  amount  of  induced  EMF  increases.  Similarly, 
if  the  field  strength  is  unchanged  but  the  coil  is 
rotated  at  a  higher  speed,  more  lines  are  cut  per 
unit  time  and  a  greater  voltage  is  induced.  An- 
other way  of  increasing  the  number  of  lines  cut 
is  to  increase  the  number  of  conductors. 

14-35.  This  has  been  a  brief  review  of  the 
principles  of  operation  of  an  AC  generator.  Later 
in  this  course  we  will  discuss  AC  generators  in 
great  detaiK  Now  let  us  discuss  fcycles  and  fre- 
quency. 'I  ^ 

14-36. ^Cycle^  and  Frequency.  In  the  previous- 
discussion  of  a  simple  AC  generator,  you  learned 
that  each  time  the  conductoi*  passed  both  a  north 
and  south  pole  it  traveled  36Q.  electric&l  degrees 
(360E'').  Thus,  during  one  complete  revolution 
of  a  two-pole  AC  generator,jhe  conductor  travels 
360E'',  as  well  as  360  mecHani(wl  degrees 
(360M^)  (^ig.  62,  f61do>it  3).  Sup^e  we  add 
an  additional  pair  of  poles.  In  an  AC  generator 
containing  four  niagnetic  poles,  the  conductor 
travels  360M°  and  720E°  in  one  complete  rwo- 
lution.  ^ 

14-37.  Each  tiijie  that  the  voltage  goes  through 
360E°  it  is  a  cycle.  When  the  voltage  completes 
a  half-cycle  or  180E'',  it  has  gone  through  one 


alternation.  The  voltage  goes  througji  aiT  alterna- 
fion  when  the  coil  passes  one  magnetip  pole, 
ilence,  the  number  of  alternations  is  always 
twice  the  number  of  cycles. 

14-38.  The  number  of  complete  cycles  occur- 
ring in  ,1  second  is'  known  as  the  frequency  of 
the  voltage*  Frequency  is  expressed  in  terms  of 
cycles;  specifically,  ,it  refers  to  the  number  of 
complete  cycles  that  occur  per  second.  At  this 
time*  you  may  wonder  what  determines  the  fre- 
quency of  a  voltage. 

14-39.  Every  time  a  coil  makes  a  complete 
revolution  in  a  four-pole  generator  it  passes  two 
pairs  of  poles  and  goes  through  720E*'.  Thus, 
the  number-  of  cycles  per  revolution  is  equal  to 
the  total  number  of  poles  divided  by  2. 

.     .    Cycles  per  rotation  =  "^^^r  of  polcs 

2 

14-40.  The  frequency  (cycles  per  second) 
^  equals  the  number  of  cycles  per  revolution  multi- 
plied by  the  number  of  revolutions  per 'Second. 
If  the  coil  in  a  four-pole  AC  generator  turns  at 
60  rps  (revolutions  per  Second),  the  frequency 
is  determined  in, the  following  manner. 

X  60  =  '120  cycles  per  second 

Speed  is  ui$ually  expressed  in  irevolutions  per 
^minute  (rpm);  therefcre^  it  is  necessary  to  divide 
rpm  by  150  to  get  rps. -Then,  for  an  AC  generator 
with  P  poles  and  S  speed  in  rprti,  the  formula 
for  determining  frequency  is  given  ^lielQw.''"  ^ 


2 


S 
60 


or 


where 


f  = 


PS  ' 
120 


f  —frequency 

P  w=  number  of  poles 

S  ±:  speed  in  rpm 

14-41.^  Given^any  two  factors,  the  third  factor 
may.be  determined  by  using  the^  same  basic 
formula  in  another  form^  such  a/ given  below. 

•    ^    P  =  J22L 

S         -  " 


or 


s  =  J22L 
p 


14-42.  In  our  everyday  life  the  electrical 
power  output  is  standardized  -at  60  Hz.  For  air- 
craft AC  power  mstallations,  a  frequency  of  400 
Hz  has  been  adopted.  We  will  explain  the  reason 
for  this  later  in  this  course.  Next,  we  need  to 
di^C&s  the  values  at  different  points. 

^14-43.  Values  of  AC  this  point,  yeu  no 
•doubt  realize  that  the  vertical  distance  of  apy 
poi6t  from  the  horizontal  axis  of  the  sine  wave 
is  the  instantaneous  voltage.  Further,  the  top  of 
the  sine  wave  is  the  maximum  positive  value 
and  the  bottom  of  the  sine  wave  curve  is  the 
*  maximum  negative  value.  Maximum  value  can 
also  be  called  the  peak  value.  Twice  the  oeak 
value,  or  the  difference  between  maximum  ^si- 
tive  value  and  the  maximum  negative  value,  is 
called  the  peak-to^peak  value. 

14-44.  Effeciive.  Thi  effective  value  of  an  * 
^temating  current  or  voltage  may  be  explained 
best  by  observing  the  heating  effect  of  current 
flow.  For  practical  reasons,  it  is  desirable*  that 
1  ampere  of  alternating  current  produce  the  same 
heating  effect  as'  1  ampere  of  direct  curfent.  Be- 
cause alternating  current  does  not  maintain  a 
contant^  value,  it  is  obvious  that  an  alternating 
current  having  a  peak  value  of  1  ampere  will 
not  produce  the  same  continuous  heating  effect  as 
1  ampere  of  direct  current.  The  continuous  ef- 
fective value  pf  the  alternating  current  lies  some- 
what between  zero  and  the  peak  value  and  is 
always  less  than  the  peak  value.  At  first  thought, 
it  might  seem*  that  the  effective  value  of  AC, 
expressed,  in  amperes,  is  the  average  of  the  in- 
stantaneous values  of  one  alternation,  but  this  is 
not  the  case.  Let's  see  why  it  is  not. 

14-45.  The  heating  effect  of  a  current  varies 
as  the  square  of  the  current;  that  is,  it  is  equal 
to  PR.  The  heating  effect  of  AC,  therefore, 
varies  as  the  average  of  the  squares  of  the  in- 
stantaneous valuft  of  current '  during  oge  alter- 
nation. The  heating  effect  is  positive  regardless 
eof  the  direction  of  current  and  will  be  the  same 
for  both  the  positive  and  negative  halves  of  the 
cycle. 

14-46.  to  find  the  effective  value  of  an  alter- 
nating cunent,  you  nfust  find  the  square  root  of 
;the  average  of  all  the  squares  of  all  instantaneous 
values  df  current.  In  other  words,  you  square 
a  pumber  of  equally  spaced  instantaneous  values 
throughout  the  alternation,  add  the  squares, 
divide  by  the  number  of  instantaneous  values 
you  used,  and  then  extract  the  square  root  of  the 
quotient.  This  wbrks  out  to.be  0.707.  The  re- 
sultant is  known  as  the  root-mean-square  (rms) 
and  is  mathematically  shown,  as  follows: 


nm  =:,0.707  x  peak  value 
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1447.  With  a  peak  value  of  150  volts,  for 
example,  the  effective  value  is  0.707  X  150  or 
approximately  106  volts. 

1448.  To  convert  from  rms  to  peak  value, 
this  formula  can  be  transposed  as  follows: 


Peak  value 


_  1 


X  rms  =  1.414  X  raw 


1449.  For  example,  commercial  AC  at  115 
volts  has  a  peak  value  of  1.414  X  115  or  ap- 
proximately 163  volts.  The  pcak-to-peak  value 
is  2  X  163  or  3.26  volts,  which  is  double  the 
peak  value.  .It  ma^T  be  expressed  as  indicated 
below".  - 

Pcak-to-pcak  value  =  2.828  x  nns  value 

14-50.  Average.  Another  value  of  AC  that 
you  may  encounter  is  the  average  value.  As  its 
name  implies,  the  average  value  is  an  arithmetical 
average  of  all  the  instantaneous  values  in  a  sine 
wave  for  one  alternation.  If  the  instantaneous 
values  up  to  180^  are  added  and  then  divided 
by  the  mmibcr  of  values  added,  the  average 
value  equals  0.637.  Since  the  peak  value  of  the 
sine  curve  is  1  and  the  average  value  is  0.637, 
it  can  be  expressed  as  follows: 

Average  value  =  0.637  X  peak  value 

14-51.  A  peak  value  of  163  volts,  for  exam- 
pi^,  has  an  average  value  of  163  X  0.637  or 
approximately  104  volts. 

14-52.  Phase*  In  AC  circuits,  the  term 
**ph^e"  is  used  quite  often  to  denote  a  time  dif- 
ference between  two  quantities  alternating  at  the 
same  frequency.  This  time  difference  is  generally 
expressed  in  terms  of  electrical  degrees.  A  phase 
relationship  may  exist  between  any  two  different 
currents  or  between  the  voltage  and  current  in 
the  same  circuit. 

14-53.  Earlier  in  this  chapter,  we  pointed  out 
that  when  generating  an  alternating  ^nirrent,  a 
positive  voltage  peak  is  reached  at  90E^.  If,  at 
the  same  instant  of  time,  another  voltage  source 
is  producing  the  same  peak  voltage  in  the  oppo- 
site direction, . we  have  the  condition  shown. in 
parts  A  and  B  of  figure  63,  foldout  3.  ^^om 
this  figure  it  should  be  apparent  that  the  voltage 
curve  in  part  B  has  reached  the  180®  position 
^of  its  cycle  at  the  same  instant  that  the  voltage 
in  curve  A  is  at  its  0"*  position.  Thus,  the  two 
voltages  are  oiit  of  phase  by  180®.  We  can  say, 
then,  that  "phase"  is  the  number  of  E®  between 
like  peaks  of  i^o  different  sine  waves  at  the 
same  instant  of  time.  If  like  peaks  occur  at  the 
same  time,  even  though  one  has  a  greater  mag- 
nitude, than  the  other,  .they  are^  in  phase.  A 


voltage  or  current  leads  another  voltage  or  cur- 
rent if  its  peak  occurs  a  few  degrees  before  the 
similar  peak  of  the  other.  The  second  voltage 
or  cunent  lags  because  its  voltage  or  current 
peak  occurs  a  few  degrees  after  the  other. 

14-  54.  At  this  point,  it  should  be  noted  that 
no  voltage  or  current  can  be  exactly  180®  or 
more  out  of  phase  with  the  voltage  or  current 
of  another  circuit^When  one  voltage  is  180®  out 
of  phase  with  another,  it  must  reach  its  positive 
peak  at  the  same  instant  that  the  other  voltage 
reaches  its  negative  peak.  Under  these  condi- 
tions, if  voltages  of  equal  value  are  connected  to 
a  (^onmion  circuit  they  cancel  each  other  out,  and 
the  net  result  is  zero.  Later  in  this  course,  we 
will  go  deeper  into  phase  relationships.  Our  next 
section,  will  be  an  introduction  to  mathematics. 

15.  FundomentaU  of  Mothomotics 

15-  1.  Do  troubleshooting  electricians  need  a 
mathematical  background  to  understand  the  anal- 
ysis and  operation  of  electrical  circuits?  Yes!  ^ 

15-2.  Why  mathematical  relationships?  Three 
functions  of  mathematics  are  listed  below. 

•  Mathematics  is  the  language  that  people  * 
use  to  explain  phenomenon  occurrences. 

•  Mathematical  analyzation  develops  logical 
thinking  processes.  \     ^  - 

•  Mathematical  relationships  aid  the  experi- 
menter in  determining  predictable  results. 

15-3.  Ai  an  electrician,  you  practice  each  of 
the  above  functions  conscioi^jly  or  unconsciously. 
Stop  for  a  moment;  thiilk  back  to  your  last 
troubleshooting  problem. 

/  15-4.  The  first  question  you  probably*  asked 
yourself  was.  "Is  the  system  receiving  power?" 
The  word  "power"  connotates  a  mathematical  ^ 
expression  concerning  voltage  and  current;  there- 
fore, you  are  explaining  a  physical  phenomenon 
occurrence.  *After  you  checked  for  power,  you 
broke  the  system  mto  parts  and  started  to  analyze 
the  circuit  through  logical  thinking  processes. 
Each  time  you  made  a  decision,  you  narrowed 
the  location  of  trouble  to  a  smaller  section  of  the 
system.  You  were  predicting  that  you  -  would 
find^the  trouble  in  that  section  in  relation  to 
voltage,  current,  and  opposition.  So,  it  is  very 
difficult  for  an  elecuician  to  cjp  his  job  without 
a  mathematical  background. 

15-5.  This  section  covers  a  few  areas  of  math- 
ematical relationships  as^  they  are  applied  to  cir- 
cuit analysis.  These  areas  are  Pythagorean 
theorem,  urigonometry,  and  vector  analysis. 
'  15-6.  Pythagorean  Theorem.  This  theorem  is 
a  foundation  for  fifrtlier  study  in  vector  analysis 
and  trigonometry,  so  it  stands  to  reason  that  this 
is  the  place  to  start.  Pythagorean's  theorem  was 
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the  fiBpt  tool  used  to  solve  unknown  sides  of  a 
triangle.  Why  triangles? 

15-7.  Triangles  are  tools  used  by  electricians 
to  explain  voltage,  current,  opposi^on,  and  power 
in  an  AC  circuit.  -  First,  we'll  review  the  solving 
of  triangle  problems  using  Pythagorean  theorem 
before  applying  the  triangles  to  AC  circuit 
analysis. 

15*8.  The  theorem  is  stated  as  follows:  The 
squate  root  of  the  sum  of  the  squares  oj  the  legs 
(sides)  of  a  right  triangle  equals  the  hypotenuse. 
Thus,  from  the  right  triangle  illustrated  in  figure 
64,  foldout  3,c  (the  hypotenuse)  is  foimd  by  the 
equation  given  below. 


^-C  =  Va',+  b* 

For  example,  8f  you  are  ^ven  a  problem  of  a 
right  triangle  where  a  =  4  and  b  =  3,  and  you 
want  to  know  the  length  of  the  hypotenuse,  c, 
you  would  solve  the  problem  by  substituting  in 
the  equation. 


c  =  Va*  +  b* 


=  V16  +  9 
=    5  . 

15-9.  Use  the  above  method  to  solve  for  c 
when  a  =  7.071  and  b  =  7.071.  In  order  that 
you  use  minimum  time  in  solving  the  problem 
a  table  of  square  roots  i^  located  at  the  rear  of 
thp  volume.  The  correct  W^er  to  the  problem 
is  10. 

15-10.  If  you  had  trouble  'with  the  above  prob- 
lem, then  try  this  one  before  going  on.  What  is 
c  equal'  to  tf  a  =  6  and  b  =  8?  The  correct 
answer  is  again  10. 

15-11.  Ycu  should  now  have  some  idea  of  the 
mathematical  relationship  between  the  sides  of  a 
right  triangle.  This  relationship  will  be  exploited 
more  fully  ia  the  next  section.       '  ^ 

15-12.  Trigonometry.  If  changes  in  either  a  or 
*b  side  of  the  triangle  cause  a  change  in  c,  then 
a  conesponding  ratio  exists  between  all  three 
•  sides,  Therefore,  the  purpose  of  trigonometry  is 
to  solve  triangle  problems  without  extracting  a 
square  root.  ^ 

15-13.  Trigonometric  functions  are  espedally 
important  for  electrical  calculations'  involving 
alternating  current  (AC).  A  large  percentage 
of  the  problems  relating  to  the  analysis  of  AC 
circuits  involves  the  solution  of  the  right  triangle. 
These  electrical  problems  when  r.educe4  ^  "g^t 
triangle  can  be  easily  and  quickly  solved  by 
trigonometric  functions.  We  shall  briefly  disqiss 


the  trigonometric' functibns  of  the  side,  cosine, 
and  tangent.  Let  us  begin  by  drawing  a  radius 
to  point  P  on  the  circumference  of  a  circle,  as 
illustrated  in  figure  65,  foldout  3.  From  point 
P,  you  drop  a  perpendicular  to  the  horizontal 
axis  thereby  forming  a  right  triangle.  Let  Z  rep- 
resent the  radius  or  the  hypotenuse.  The  letter 
X  represents  the  vertical  side,  and  the  letter  R 
represents  the  horizontal  side.  The  angle  be- 
tween the  hypotenuse  (radius)  and  the  hori- 
zontal side  is  known  as  d  (Greek  letter  <theta). 
It  is  customary  to  designate  this  angle  by  the 
Greek  letter  d, 

15-14.  The  trigonometric  function  of  the  sine, 
cosine,  and  tangent  of  0  in  a  right  triangle  can 
be  found  by  the  following  rules.  The  sine  of  an 
angle  0  in  a  right  triangle  is  defined  as  the  ratio 
of  the  length  of  the  side  opposite  that  angle 
divided  by  the  length  of  the .  hypotenuse.  For 
example,  in  figure  65,  foldout  3,  the  sine  of  the 
angle  9  is 

X 

sine  #  = 

t  Z 

The  cosine  of  an  angle  9  is  defined  as  the  ratio 
of  the  length  of  the  side  adjacent  to  that  angle 
divided  by  the  length  of  the  hypotenuse.  For 
example,  in  figure  65,  foldout  3,  the  cosine  of 
the  angle  9  is 

cos  #  =  4" 

The  tangent  of  an  angle  9  is  defined  as  the  ratio 
of  theMength  of  the  side  opposite  that  angle  di- 
vided by  the  length  of  the  side  adjacent  to  that 
angle.  For  example,  in  figure  65,  foldout  Sr^he 
tangent  of  the  angle  9  is 


tan  = 


R 


15-15.  In  part  A  of  figure  66,  foldout  3,  the 
angle  9  is^small,  and  the  vertical  component  X 
is  alsp  small.  In  part  B,  the  angle  and  the  verti- 
cal component  X  have  increased.  In  part  C, 
when  the  angle  9  is  90°,  the  vertical  component 
touches  the  circumferen^ce  at  point  P.  Notice 
that  this  perpendicular  to  the  horizontal  axis 
yidds  a  vertical  component  equal  in  length  to 
the  radius.  Such  is  the  case  when  the- sine  of 
9  is  90**. 


Sla  90*  = 


z 


=  1 


This  means  at  90*^,  you  get  the  maximum  value 
of  the  sine  of  an  angle  9,  and  it  will  never  be 
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greater  than  I.  Why?  Because  the  vertical  com- 
ponent can  never  be  greater  than  the  radius. 

15-16.  As  thi.,  angle  6  increases  from  90"*  to 
180®,  the  verticsSh  component  decreases  from  Z 
to  0  again.'  (See  fig.  66;  foldout  3.)'  At  ISO"*, 
'the  radius  is  lying  upon  the  horizontal  axis  and 
there  is  no  vertical  component;  thus,  the  sine 
of  180°  is  . 

sin  i80*  ==;  —  =  0 

15-17.  As  the  angle  9  increases  from*  180°, 
the  radius  is  drawn  from  the  horizontal  axis.' 
down  to  a  point  on  the  circumferc^nce.  When 
the  vertical  component  lies  below 'the  horizontal 
axis,  the  sine  of  an  angle  is  negative.  This  is 
true  because  from  180°  the  value  of,  sine  d  de- 
creases until  the  sine  reaches  a  maximum  nega- 
tive value  of  - 1  at  270°,  and  then  the  sine 
begins  to  increase  until  it  fmall^  rekches'  0  again 
at  360^ 

15-18.  It  is  usual  for  the  radius  that  generates 
the  angle,  by  rotating  around  the  center  of  the 
circle,  to  atart  from  the  horizontal  axis  pointing 
to  the  right  and  rotate  in  a  countercloclcwise  di- 
rection. This  counterclockwise  direction  of  rota- 
tion is  considered  positive  in  both  mathematics 
ai^  electricity,  and  angles  measur^ed  from  the 
horizontal  axis  with  positive  rotation  are  consid- 
ered positive  angles.  Clockwise  rotation  of  the 
generating  radius  is  considered  negative  rotation, 
and  the  angles  generated  are  considered  negative 
angles.  The  generating  radius  at  the  end  of  a 
positive  angle  is  considered  to  be  ahead  of  the 
horizontal  axis,  and  the  angle  is  spoken  of  as  a 
leading  angle.  Thus,  in  a  90°  angle,  where  the 
generating  radius  points  up,  it  leads  the  hori- 
zontal axis  by  90°.  If  the  generating  radius 
moves  to  the  spot  labeled  -45®,  it  has  generated 
a  lagging  angle, of  45®,  and  if  it  moves  to  the 
[Position  labeled  —135®,  it  has  generated  a  lag- 
ging angle  of  135®.  It  is  usual  for  angles,  both 
leading  and  laggi&g,  to  be  180®  or  less.  Su{)pose 
you  have  the  sine'  of  an  angle  6  representing 
-45®.  Where  would  this  be  on  the  circle?  The 
negative  angle  begins  at  360°  and  is  measured 
back  to  180®.\-That  means  a  -*45®  will  repre- 
sent the  ^halfway  point  between  360®  and  270°, 
which  is  315®;  a  -90°  will  represent  the  270° 
position;  and  a  —135®  will  represent  the  225° 
position  ^c$ri  the  circle.  Just  remember,  the  nega- 
-  ttve  angle  begins  at  the  360°  position  and  in- 
creases clockwise  toward  the  180®,  and  360° 
can  be  referred  to  as  a  negative  angle.  In  fact, 
this  is  done  quite  frequently,  when  plotting  angles 
9  in  AC  circuits.  It  is  more  convenient  to  refer 


to  e  as  -45'  instead  of  315°,  or  as  -90° 
^instead  of  270°. 

15-19.  Plotting  the  sine  of  an  angle  0  is  illus- 
trated'in  figure  67,, foldout  3.  Hfcre  you  have  a 
circle  that  is  divided  into  12  equal  parts,  there- 

fore,  each  part  represents —jy- or  30°;  it  .could 

be  divided  into  any  other  number  of  parts.  The 
*360°  circle  is  divided  into  30°  divisions  on  a 
straight,  horizontal  line;  it  also  passes  through  the 
center  of  the  circle.  The  distance  covered  by 
the  360°  on  the  straight  line  is  usually  the  same 
as  the  distance  around  the  circle.  However,  it  is 
perfectly  correct  to  make  it  larger  or  smaller,  if 
desired.  The*  relation  between  horizontal  and 
vertical  scales  is  'immaterial.  A  wave  is  then 
drawn  as  in  figure  67,  foldout  3.  Every  point  has 
the  same  height  above  or  below  the  horizontal 
line  as  the  corresponding  point  on  the  circle. 
Thus,  at  0°,  the  point  pn  the  circle  has^^O  height 
above  the  horizontal  axis;  at  30°,  it  has  a  height 
exactly  0.5  of  the  maximum  hei^t.  At  60°,  its 
height  above  the  horizontal  line  is  0.866  of  the 
maximum  height.  At  90^,,  it  has^  attained  its 
maximum  valtte.  At  120°,  tfee  ratio  of  its  height 
to  the  maximum  height  is  again  0.866;  at  150°, 
it  is  0.5;  and  at  180°,  it  is  again  zero.  At  210®, 
it  is  -0.5;  at  240°,  it  is  -0.866;  at  270°,  it  is 
-1.0;  at  300°,  it  is  -0.866;  at  330°,  it  is 
—  0.5;  and  at  3^0°,  it  is  again  zero. 

15-20.  As  previously  mentioned,  the  ratio  of 
the  height  of  the  point  on  the  circle '(the  vertical 
side  of  a  right  triangle)  at  any  to  its  maxi- 
mum height  (the  radius  or  hypotenuse)  is  known 
as  the  sine  of  an  angle  6. 

15-21.  The  curve  showing  thes^  variations  of 
the  circle  height  as  a  function  of  an  angle  is 
called  a  sine  wave  curve.  In  all  phases  of  fhef 
AC  electrical  circuits^  the  sine  wave  curve  is 
important,  because  the  currents  and  voltages  usu* 
ally  vary  as  sine  waves. 

15-22.  Another  curve  that  may  occur  under 
certain  conditions  in  the  AC  electrical  circuits  is 
called  the  cosine  curve.  In  figure  67,  foldout  3, 
you  have  plotted  the  sin  6  for  every  30°,  but 
suppose  you  have  an  AC  circuit  that  procjuces 
a  cosine  curve.  Figure  68,  foldout  3,  illustrates 
a  cosine  curve.  The>  values  for  cos  6  (cosine 
theta)  are  shown  for^'every  30°.  These  values 
'are  plotted  in  the  same  manner  as  were  the 
values  for  sin  0.  Notice  that  the  cosine  curve  is 
the  same  as  the  sine  curve  except  that  jt  js  dis- 
placed by  90°. 

15-23.  Appendix  B  gives  you  the  value  of  the 
sine,  the  cosine,  and  the  tangent  of  angles  6 
ranging  from  0°  to  90^.  Ta  find  the  value  o| 
sin  5°,  you  would  look  under  the  Angles  column 
and  locate  5°  00'  ((X)'  represent^  the  number 
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of  minutes,  and  there  are  6P  minutes  in  each 
degree).  Across  from  S^,  under  the  Sines  column 
beneath  Nat  (natural),  is  0.0872.  Thus,  the 
sine  5®  =»  0.0872.  The  value  for  sine  8°  is 
0.1392.  The  value  for  cos  8^  is  0.9903.  The 
value  for  sine  60°  is  0.8660.  This  ii  derived  by 
locating  60"^  under  the  Angles  colunm  at  the 
extreme  right  of  the  table  and  then  looking  at 
the  bottom  of  the  table  and  finding  the  Sines 
column.  By  going  up  the  Sines  column. on  the 
Nat  (natiiral)  side  until  you  reach  the  number 
straight  across  from  60*^,  you  will  find  the  an- 
swer 0.8660. 

15-24.  So  far,  we  have  discussed  the  right 
triangle  trigonometric  functions,  and  right^  triangle, 
Pythagorean  theorem  s$utions.  At  this  point,  it 
should  be  safe  to  assume  you  can  solve  right 
triangle*  problems.  Do  you  recall  the  first  reason 
for  studying  mathematical  relationships?  That^ 
reason  is  the  basis  for  studying  the  next  area, 
.veott^r  analysis. 

15*25.  Vector  Analysis*  Let  us  now  turn  bur 
attention  to. the  solution  of  a^problem  by  vectors. 
Since  you  were  able  to  completely  solve  the 
problem  of  a  right  triangle,  finding  its  six  parts, 
by  the  Pythagorean  theorem  and  the  trigonomet- 
ric functions,  you  may  wonder  why  bother  intro- 
ducing vectors.  Nevertheless,  you  are  going  to 
solve  some  electrical  problems  that  are  easier 
solved  through  the  use  of  vectors.  You  will  work 
out  the  solution  of  circuits  that  would  be  almost 
.impossible  without  using*  vector  quantities.  To 
prepare  you  for  these  more  complex  circuits,  let 
us  introduce  fundamental  facts  that  apply  to 
vector  quantities. 

•  All  angles  are  measured  from  the  horizontal 
axis  which  lies  to  the  right  of  the  -vertical 
axis. 

•  .All  angles  are  considered  positive  if  they 
are  .measured  in  a  counterclockwise  direc- 
tion from  the  horizontal  axis. 

•  All  angles  are  considered  negative  if  they 
are  measured  in  a  clockwise  direction  from 
the  horiz^^l  axis. 

15-26.  Figure  69,  foldout  3,  illustrates  these 
important  facts.  The  angle  d  is  positive  in  part 
A  and  negative  in  part  B.  Each  vector  quantity 
is, represented  by  a  directed  line.  The  length  of 
the  line  is  scaled  so  that  its  jength  corresponds 
to  the  magnitude  of  the  vector  quantity.  In  part 
A,  vector  R  10  and'vector  L  =  10.  What 
is  the  length  (magnitude)  of  the  resultant  vector? 
If  you  draw  a  line  parallel  to  vector  L  as  shown 
in  part  A,  you  have  a  rectangle.  By  drawing 
the  resultant  vecfor  (the  dashed  diagonal),  as 
shown  in  part  A,  you  have  formed  a  right  tri- 


angle. How  do  you  solve  a  problem  involving  a 
right  triangle?  That's  correct,  you  wouH  use  trig- 
onometry. Thus,  -the  magnitude  of  the  resultant 
vector  is,  14.14. 

15-27.  Explanation.  Since  both  legs  qf  the 
right  triangle  are  equal  to  ICk,  the  tangent  of  the 
angle  the  resultant  vector  makes  with  the,  hori- 
zonta^  axis  is  ' 


Now  look  at  Appendix  B.  You  will  find  that  the 
angle  the  tangent  of  which  is  1  is  45°.  Since 
L  is  ahead  of  R,  the  angle  is  a  leading  angle 
45^,  and  using  sine  or  ^sine  functions,  the  length 
of  the  resultant  vector  is 


>  Thus,  we  have  completely  described  the  vector, 
giving  its  magnitude  and  direction.  ^ 

15-28.  In  figure  69,B,. foldout  3,  vector  R  = 
10  and '  vectojr  C  =  10.  By  forming  a  right 
triangle  and  using  trigonometry,  the  magnitude 
of  the  resultant  vector  is  14.141  This  is  the  same 
as  for  the  previous  example,  but  vector  C  is  in  a 
different  position  than  was  vector  L  in  the  previ- 
ous example.  Because  the  angle  9  in  figure  B 
represents  a  clockwise  rotation,  the  angle  the 
vector  makes  with  the  horizontal  axis  is  a  lagging 
angle  or  a  negative  angle.  The  angle  9  is  now 
-45*'.  Here  again,  we  have  completely  de- 
scribed the  resultant  vector  by  its  ma^tude  and 
dic^tction.  It  is  important  to  note  that  the  magni- 
tude is  always  positive.  It  is  the*angle  between 
the' positive  horizontal  axis  and  the  resultant  vec- 
tor that  can  be  positive  or  negative.  Remember 
that  the  angle  is  always  measured  from  the  right- 
hand  (positive)  horizontal  axis. 

15-29.  Three  vectors:  So  far  we  have  men- 
tioned only  tWo  vectors  representing  quantities. 
Let's  go  one  step  further  and' have  three  vectors 
representing  quantities  at  one  time  and  find  the 
resultant-^of  the  three.  For  example,\in  figure  70, 
foldout  3,  let's  have  Rr=8,l.  =  7aDdC=3; 
find  "the  magnitude  and  direction  of  the  resultant 
vector.  The  vector  ^  is  along  the  positive  hori- 
zontal axis,  while  L  leads  R  by  90°  and  C  lags< 
R  by  90°.  This  means  that  L  and  C  are  dia- 
metrically opposed.  When  the  vectors  are  in  the 
same  straight  lipe  but  point  in  opposite  directions 
as  do  C  and  L,  the  resuhant  vector  has  a  magni- 
tude that  is  the  algebraic;  sum  of  the  two  vectors 
and  a  sense  in  the  direction  of  the  larger  vector. 
The  magnitude  of  the  resultant  is  the  difference 
in  magnitudes  of  the  two  vectors'  Thus,  the 
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resultant  of  C  and  L  lies  along  L,  and  has  a 
magnitude  of  4.  Let  us  call  this  vector  (C  +  L) 
because  it  is  the  vector  sum  of  C  and  L.  Now 
we  want  the  resultant  of  (C  +  L)  and  R.  You 
can  sec  that  (C  +  L)  is  a  90"^  leading  vector 
with  a  magnitude  of  4,  and  R  is  along  the  hori* 
zontal  axis  with  a  magnitude  of  8.  Drawing  the 
rectangle  as  you  did  earlier,  you  get  a  right 
triangle  with  one  leg  equal  to  4  and  the  other 
equal  to  •  8.  The  magnitude  of  the  resultant  and 
.the  direction  of  this  vector  can  be  found  by 
looking  for  the  &gle  whose  tangent  is 


-4-  =  -Ar-  = 
8  2 

From  Appendix  B  you  find  the  angle  whose 
tangent- is  .5  to  be  approximately  2V.  This  is 
above  the  positive  horizontal  axis  and  hence  is  a 
leading  angle  of  IT.  * 

15-30.  You  could  use  the  sine 'or  cosine  table 

and  use  the  quQtient  of  -^^^q  for  the  resultant 

or  -g^jQ  for  the  resultant.  In  either  event,  you 
would  have  gotten  °the  same  answer. 
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CHAPTER  .6 


Electrical  Circuit  Functions. 


IN  TODAY'S  AIR  Force,  the  words  "electrical 
circuit  function"  have  taken  on  a  new  mean- 
ing to  the  aircraft  electrician.  For  the  most  part, 
the  day  is  long  gone  when  all  aircraft  electrical 
.probiems  could  be  resolved  with  a  simple  meter. 

2.  The  electrician  must  have  the  type  of  back- 
ground that  allows  complete  analysis  of  electrical 
and  electronic  systems  as  well  as  their  compo- 
nents. The  discussion  in  this  chapter  deals  with 
^he  analysis  of  some  of  the^more  common  circuits 
with  which  yoif  will  be  required  to  work. 

16*  Circuit  Operation 

16-r.  Electrical  circuits  consist  ,of  voltage 
sources  and  loads  connected  together  by'  con- 
ductors to  complete  a  path  for  electron  flow. 
Voltage  sources,  such  as  batteries  and  genera- 
tors/ are  sources  of  electrical  energy.  They  pro- 
vide the  force  that  moves  electrons  through  the  * 
circuit.  The  load  opposes  the  movement  of  elec- 
trons. The  load  converts  electrical  energy  into 
chemical,  mechanical,  and  heat  energy  for  the  * 
purpose  of  doing  work. 

16-2.  The  opposition  to  the  movement  of 
electrons  in  any  load  can  be  broken  down  into 
resistive,  capacitive,,  or  inductive  components. 
Although  all  circuits  consists  of  these  three  com- 
ponents to  some  degree,  those  that  are  relatively 
small  when  compared  to  another  can  be  ignored. 
Because  each  component  has  its  own  peculiari- 
ties, they  will  be  treated  separately  in  this  chap- 
ter. However,  one  fact  must  remain  clear:  each 
component  by  itself  opposes  the  movement  of 
electrons. 

16r3.  The  iQitial  step  in  circuit  analysis  is  the 
determination  of  voltage,  current,  and  opposition 
at  any  point  in  the  circuit  and  at  any  instant  of 
time.  This  can  be  accomplished  only  by  proper 
application  of  Ohm*s  law,  Kirchhoffs  voltage 
law,  and  Kirchhoffs  current  law.  These  three 
laws  are  the  fundamental  tools  in  all  electrical 
circuit  analysis. 

16-4.  DC  resistive  circuits  will  be  used  to  pre- 
sent the  basic  laws  in  this  chapter.  The  reason 
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is  that  the  Jaws  were  formulated  many  years 
ago  based  on  DC  resistive  circuits;  they  are  the 
easiest  to  understand,  However,  always  keep  in 
mindo  that  they  are  applicable  to  all  type  electri- 
cal circuits. 

16-5.  Ohm's  Lav.  The  relationships  of  cur- 
rent, voltage,  and  resistance  were  first  demon- 
strated by  Georg  Simon  Ohm,  a  German  physi- 
cist. Using  very  poor  and  deficient  apparatus, 
but  the  best^  to  be  obtained  at  that  time,  he 
performed  a  series  of  experiments  that  com- 
pletely settled  the  questions  of  (a)  the  way  volt- 
age is  distributed  throughout  a  circuit  and  (b) 
the  relationships  of  voltage,  current,  and  resist- 
ance. Ohm's  law  .states  that  the  current  in  an 
electric  circuit  is  proportional  to  the  voltage  and 
inversely  proportional  tb  the  resistance.  The  con- 
sequences of  this  statement  can  be  expressed  by 
any  one  of  the  following  equations,  using  I  to 
denote  current,  E  to  denote  voltage,  and  R  to 

denote  resistance:  I  = 


R 


,  stating  that  the  cur- 


rent is  equal  to  the  voltage  divided  by  the  resist- 
E 

ance;  R  =  -j- ,  stating  that  the  resistance  is  equal 

to  the  voltage  divided  by  the  current;  E  =  IR, 
stating  that  the  voltgge  is  equal  to  the  current 
times  the  resistance. 

16-6.  E\\tct  of  voltage  change.  In  parts  A 
and  B  of  figure  71,  foldout  4,  two  separate  elec- 
trical circuits  are  shown.  Tfiese  circuits  are  alike 
in  that  a  6-ohm  resistor  and  an  ammeter  are 
connected  to  a  voltage  ^source.  The  difference 
in  the  two  circuits  is  in  the  value  of  the  applied 
voltage,  which  is  obtained  from  dry  cells;  each 
cell  furnishes  1.5  volts. 

16-7.  In  part  A  of  the  figure^  there  is  only 
one  cell  in  the  circuit;  therefore,  the  voltage 
applied  to  the'jcircuit  is  L5  volts.  Neglecting 
the  internal  resistance  of  the  dry  cell,  the  volt- 
meter, V.\will/indicate  1.^^  volts.  Jhe  resistor  in 
the  circuit  has  a  value  of  6  ohrfls.'  By  Ohm's  law, 
the  circuit  current  can  be  calculated  as  follows: 


-  i:L 
6 

=  0.25  ampere 

A  quick  glance  at  the  ammeter,  A,  will  verify 
that  0.2S  ampere  is  flowing  through  the  circuit. 

16-8'.  In  part  B  of  the  figure,  two  cells  are 
connected  in  series  in  the  circuit.  The  voltage 
as  indicated  on  the  voltmeter,  V,  is  now  3  volts, 
or  just  Rouble  the  voltage  of  one  cell.  The  resis-* 
tor  in  the  circuit  is  still  6  ohms.  Using  Ohm's  law 
tb  calculate  the  circuit  current,  we  have  the  fol- 
lowing: 


I  = 


E 
R 
3 
6 


=  0.5  ampeDB 

Viewing  'the  ammeter.  A,  will  verify  that  0.5' 
ampere  is  flowing  through  the  circuit.  Notice 
that  by  doubling  the  applied  voltage,  the  current 
has  also  doubted. 

16-9.  Effect  of  resistance  change.  In  parts  A 
and  B  of  figure  72,  foldout  4,  two  separate 
electrical  circuits  are  shown.  These  circuits  are 
alike  except  that  the  value  of  the  resistor  is  dif- 
ferent in  each-  part.  In  part  A  of  the  figure,  the 
initial  conditions  are  fixed.  The  appliea  voltage 
is  6  volts,  as  indicated  by. the  voltmeter,, V,  and 
the  resistor  has  a  value  of  2  ohms.  Using  Ohm*s. 
law,  the  circuit  current  is  calculated  as  follows: 


I  = 


E 
R 

=  jl. 

=  3  amperes 

16-10.  In  part  of  the' figure,  another  2-ohm 
resistor  is  added  to  the  circuit  in  series  with  the 
original  resistor,  so  that  the  resistance  in  the 
circuit  is  increased  to  4  ohms.  Since  the  same 
voltage  is  applied,  the«  circuit  current  becomes 


=  1.5  amperes 

This  value  of  current  can  be  verified  by  observa- 
tion of  the  ammeter,  A.  Notice  that  the  current 
is  decreased  by  50  percent. 

16-11.  Effect  of  current  change^.  Stowing  the 
effect  of  changes  in<velectrical  current  is  more 
indirect  than  for  voltage  and  resistance  changes. 
In  figure  73,  foldout  4,  the  variable  resistor 


placed  in  the  circuit  is  used  to  adjust  the  current 
through  the  circuit  to  the  desired  value,  as  indi- 
cated by  the  ammeter,  A. 

16-12.  The  exact  current  value  is  unimportant 
in  this  part  of  the  explanation.,  Similarly,  the 
.actual  voltage  of  the  battery  is  unspecified  be- 
cause if  is  only  instrumentaJ  in  obtaining  some 
desired  current  flow  jhrough  the  circuit. 

16-13.  In  part  A  of' figure  73,  foldout  4,  the 
current  through  the  circuit  is  adjusted  to  a  value 
of  2  amperes,  as  indicated  by  the  ammeter.  A; ' 
the  voltage  across  the  resistor  then  becomes 

E  =  IR 
=  2X2 
=  4  volts 

16-14.  In  part  B  of  the  figure,  the  variable 
resistor  is  adjusted  so  that  the  ammeter,  A,  indi- 
cates a  current  of  1  ampere.  The  voltage  across 
the  2-ohm  resistor  should  be ' 

^  E  =  IR 

=  1x2  s 
=  2  volts 

As  you  can  see,  the  decrease  in  current  produces 
a  decrease  in  the  voltage  across  the  resistor. 

16-15.  Kirchhoffs  Laws*  Ohm*s  law  is  not 
sufficient  for  determining  currents  in  complicated 
circuits.  This  law  alone  will^ot  permit  you  to 
compute  voltages,  currents,  and  resistances  in  the 
complex  circuits  that 'may  be  encountered  in 
practical  work.  The  reason  is  that  Ohm's  law  is 
a  special  case  denoting  more  general  relations. 
Methods  of  treating  complicated  circuits  are 
based  on  Kirchhoffs  laws.  These  laws  are  simple 
to  state,  but  the  methods  of  applying  them  are 
often  quite  difficult.  Briefly  stated,  the  two  la^s^ 
of  Kirchhoff  are  as  follows: 

a.  The  algebraic  sum  of  the  currents  at  any 
junction  of  conductors  is  zero. 

b.  The  algebraic  sum  of  the  applied  voltages 
and  the  voltage  drops  around  any  closed 
circuit  is  zero. 

16-16.  First  law.  The  algebraic  sum  of  the 
currents  at  any  Junction  ot  conductors  is  zero. 
This  law  can  be  restated  as  follows:  The  amoupt 
of  electrical  current  entering  a  junction  point 
must  be  equal  to  the  amount  of  current  leaving  it. 
This  law  is  actually  a  consequence  of  a  more 
general  one  known  as  the  principle  of  charge 
conservation.  For  example,  assume  that  a  cur- 
rent di)  of  1  ampere  flows  toward  point  A  in 
figure  74.  foldout  4,  and  a  current  (I2)  of  5 
ampctes  flows  away  from  point  A.  What  is  the 
current  (h)  flowing  between  points  A  and  B? 
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Using  a  minus  sign  to  represent  a  current  flowing 
into  a  junction  and  a  plus  sign  to  represent  a 
current  flowing  away  from  a  jundtion»  current 

11  becomes  —  1  ampersand  current  I2  becomes 
+  5  amperes.  Since  the  algebraic  sum  of  the 
currents  must  ,equal  zero,  an  equation  can  be 
written  as  follows: 

Ii  +  L  +  L  =  0 

Subtracting  I3  from  both  sides  of  the  equation 
yields' 

4»-hl«  +  l.-L  =  o-  i, 
Ii  +  Ir  =  -  L 

Then  multiplying  both  sides  of  the  equation  by  a 
—  1  tcyjnakc  ^  U  positive  yields 

-Ii  -  I.  =  L 

Substituting  known  values  for  currents  and 

12  results  in 

-(-I)  -  (  +  3)  =  L 
+  1  -  5^  =  U 
-4  =  L 

This  shows  that  —4  amperes  is  the  value  of  the 
current  flowing  between  points  A  and  B;  the 
minus  sign  shows  that  the  4  amperes  is  flowing 
into  junction  point  A.  This  is  really  obvious, 
since  1  ampere  is  arriving  at  junction  A  at  the 
same  time  that  4  more  amperes  are  arriving  at 
junction  A;  then  both  currents  join  each  other  to 
leave  junction  A  as  5  ampere^s. 

16-17.  Second  law.  The  algebraic  sum  of  the 
applied  voltages  and  the  voltage  drops  around 
any  closed  circuit  is  zero.  In  order  to  understand 
what  this  law  means,  refer  to  figure  75,  foldout 
4,  and  asstrme  that  the  circuit  current  is  flowing 
in  the  direction  shown  by  the  solid-line  arrow. 
The  starting  point  is  purely  arbitrary,  since  the 
algebraic  sum  is  zero.  Starting  at  point  A  and 
passing  through  the  100-volt  battery,  there  is  a 
voltage  rise  of -4- 100  volts  at  point  B.  Leaving 
point  B.  the  current  must  pass  through  the  10- 
ohm  resistor  before  it  can  arrive  at  point  C; 
since  voltage  is  equal  to  IR»  you  can  write  —101 
as  the  voltage  drop  across  the  10-ohm  resistor. 
Leaving  point  C,  the  current  musl^  pass  through 
the  5-ohm  resistor  before  it  can  reach  pomt  D; 
the  voltage  drop  is  -51.  Leaving  point  D,  the 
circuit  current  must  travel  through  the  50-volt 
battery  before  it  can  arrive  at  point  E;  in  doing 
so,  there  is  a  ^Itage  rise  of  +50  volts.  In 
traversing  the  circuit  from  E  back  to  A,  there  is  a 
negligible  voltage  drop.  Recording  all  the  data 
for  the* various  circuit  points  you  will  obtain  the 
following: 


A  to  B  =  +100  vohs 
B  to  C  =  —  lOI  volts 
CtoD,  =  —51  volts 
DtoE  =  +50  vohs 
Eto  A  =-.0  volts 

Since  the  algebraic  sum  must  equal  zero,  equate 
the  voltages  in  the  circuit  to  zero  as  follows: 


100  -  101  -  51  4-  50  +  0 
+  150-  151 
0  -  151 

151 
I 


0  ■ 
0 

-  150 
150 

4-10  amperes 


point  B;^nce  it  is  traveling  the  circuit  from  a 
lower  to  Tf  higher  potential,  the  voltage  drop 


Now  that  I  is  known  it  can  be  substituted  in  the 
original  equation  to  check  the  algebraic  sum  of 
the  voltages  as  follows: 

4-100  -  10  X  10  -  5  X  10  4.  50  4.  0  =  0 
4. 100  -  100  -  50  4-  50  =  0 

0  =  0. 

Thus,  the  algebraic  sum  of  the  applied'  voltages 
and  the  voltage  drops  do  equal  zero,  as  ac- 
counted for  by  the  direction  of  the  solid-line 
arrow. 

16-18.  Now  suppose  that  the  current  direction 
were  assumed  to  be  in  the  direction  mdicatcd 
by  the  dotted-line  arrow;  this  direction  is  op- 
posite that  assumed  previously.  To  show  that  the 
starting  point  is  arbitrary,  suppose  you  start  at 
point  C.  The  current  leaving  point  C  must 
travel  through  the  lO-ohm  resistor  to  arrive  at 
;^ce 
0  Tf  hi  J 

from  point  C  to  B  is  4- 101  volts.  The  current 
leaving  point  B  must  travel  through  the  battery 
to  arrive  at  point  A;  the  voltage  rise  at  point  A 
will  be  —  100  volts  with  respect  to  point  B.  The 
voltage  drop  from  points  A  to  E  is  assumed  to  be 
zero  volts  since  the  voltage  drop  along 'the  wire 
is  considered  to  be  negligible  in  relation  to  the 
remaining  circuit.  The  circuit  current  leaving 
point  E,  in  order  to  arrive  at  point  D,  must 
travel  through  the  50-volt  battery;  point  D  will 
be  —50  volts  with  respect  to  point  E.  Leaving 
point  D,  the  circuit  current  must  travel  through 
the  5-ohm  resistor  to  arrive  at  point  C;  which  is 
at  a  higher  potential  than  point  D;  the  voltage 
drop  from  point  D  to  point  C  is,  therefore,  4-  51 
volts.  Collecting  all  data,  you  will  obtain  the 
following: 


C^oB  =:  4-101  volts 

B  to  A-r:  —100  volts 

A  to  E  =:  0  volts 
EtoD  =  —50  volts 
DtoC  =  4-51  volts 

te  applied  voltages  and  the  voltage 
/ero,  you  will  obtain  the  following: 


Equating 
drops  to 
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+  101  +  (-100)  +  0  +  (-50)  +  51  =  0 
Ifll  -  100  +  0-  50  +  51  =  0 
\  151  -  150  =  0 

.  151  =  150 

I  =  +  10  amperes 


Substituting  the  value  of  I  into  the  Ofiginal  equa- 
tion -yields  ^ 

+  (10  X  10)  +  (-100)  +  0  +  (-50)  +  (5  X  10) 

=  0 

100  -  100  +  0  -  50  +  50  =:  0 
0  =:  0 

Prom  these  results,  the  direction  of  current  flow 
assumed  and  the  starting  point  in  the  circuit  are 
immaterial  as  long  as  you  are  consistent  in  the 
application  of  the  principles  involved. 

16-19.  There  are  three  basic  types  of  electrical 
circuits.  They  are  series,  parallel,  and  series 
parallel  circuits.  Proper  identification  of  these 
circuits  will  simplify  circuit  analysis.  Certain 
laws  applicable  to  each  type  circuit  have  been 
derived  from  basic  laws  which  eliminate  the  ne- 
cessity of  deriving  certain  equations  each  time 
an  analysis^  is  attempted. 

^16-20.  Again  circuit  discussion  will  ber  Ifanited 
to  DC  resistive  circuits.  The  analysis  of  AC 
resistive  circuits  is  essentially  the  same  as  for 
DC  resistive  circuits. 

16*21.  Series  CiitniL  In  a  series  circuit  the 
same  current  must  pass  through  each  device  to 
complete  its  path  ^  from  the  negative  to  the  posi- 
tive terminal  of  4h6  sot^ce.  It  is  the  simplest  of 
aU  circuits'  but  one  to  which  all  complicated  cir- 
cles can  be  reduced  to  simplify  analysis. 

16-22.  Current  in  a  series  circuit,  In  part  B 
o(  figure  72,  foldout  4,  the  current  flow  in  the 
circuit  is  from  tne  negative  terminal  of  the  bat- 
tery, through  ammeter  A,  resistor  Ri,  ammeter 
Ai,  resistor  ammeter  A2,  and  to  the  positive 
terminal  of  the  battery.  Obviously,  there  is  but 
one  path  for  the  current  to  follow,  and  the  same 
cunent  must  be  indicated  by  ammeters  A/  Ai, 
^d  A2.  In  a  series  circuit,,  the  current  flow  is 
the  same  at  all  points  in  the  circuit.  Therefore, 
the  circuit  current  is 

I  =  It  =  I,  =  I. 

In  order  to  calculate  the  current  in  thb  circuit, 
you  must  know  the  value  of  the  voltage^  and 
resistance.  Circuit  current  can  then  be  deter- 
mined by  Ohm's  l^w.       ^  ♦ 

16-23.  Resistance  in  a  series  circuit  'In  a 
series^^ircuit,  the  total  resistance  in  the  circuit  is 
the  mathematical  sum  of  all  the  individual  resist- 
ances in  the  circuit.  In  part  B  of  figure  72,  fold- 
out  4,  there  are  two  resiston,  Ri  and  Ra,  con- 


nected in  series.  If  Rt  represents  the  total 
resistance  placed  across  the  battery  terminals,  it 
should  be  obvious  that 

Rt  =  ill  +  Rj 

16-24,,  Voltage  in  a  series  circuit.  Total  volt- 
age in  a  series  circuit  can  be  determined  by 
direct  application  of  Kirchhoff  s  voltage  Jstw, 

16-25.  Before  this  voltage  can  be  determined 
it  is  important  to  understand  what  is  meant  by  a 
,  rise  in  voltage,  d  fall  in  voltage,  and  a  voltage 
drop.  In  part  A  of  figure  76,  foldout  5,  the 
closed-circuit  battery  voltage,  of  200  volts  is  ap- 
plied to  the  circuit  containing  the  lOOohm  re- 
sistor. Ohm^s  law  shows  that 


I  = 


R 

-  200 
"  100 
=  2  amperes 

Also,  by  Ohm's  law,  the  voltage  across  the  resis- 
tor is  as  follows: 

E  =;  IR' 
=  2  X  100 
=  200  volts 

This  voltage  is,  of  course,  the' same  as  the  battery 
voltage,  for  it  is  assumed  that  the  resistance  of 
the  connecting  leads  is  neglipble.  It  also  serves 
to  show  that  the  total  applied  voltage  must  be 
expended  across  the  circuit.  The  total  voltage 
expended  in  a  complete  circuit,  including  the 
source,  isJalways  zero. 

16-26.  The  negative  terminal  of  the  battery 
in  part  A  of  the  figure  is  being  used  as  the 
reference  or  zero  point  for  measuring  the  poten- 
tials of  all  other  points  in  the  circuit.  Thus,  point 
A  is  the  point  of  highest  potential  (20O  volts, 
positive)  with  respect  to  the  point  of  lQ,west  po- 
tential (zero  volts),  point  6. 

16-27.  In  part  B  of  the  same  figure,  the  100- 
ohm  resistor  shown  in  part  A  is  replaced  by  four 
25-ohm  resistors,  Ri,  R2,  R3,  and  R4,  connected 
in  series  across  the  battery.  The  voltage  drop 
across  resistor  R4  is  * 

E4  =  IR4 
=  2  X  25 
=  50  volts 
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If  you  connect  a  voltmeter  between  points  £ 
and  D,  that  is';  across  resistor  R4,  you  will  meas- 
ure SO  volts  positive;  this  is  a  rise  in  voltage 
from  0  volts  up  to  50  volts.  The  voltage  drop 
across  resistor  R3  is  «^ 

£•  =  IR, 

^=  2  X  25 
=  50  volts 

If  you'  connect  a  voltmeter  between  points  D  and 
C,  you  will  measure  50  volts  positive  across  re- 
sistor R3.  If  you  connect  the  voltmeter  bfetwccn 
pomts  E  and  C,  you  will  measure  100  volts  posi- 
tive. This  is  a  voltage  rise  of  100  volts.  Consider 
the  fact  that  E4  is  SO  volts  positive  with  respect 
to  the  zero  reference  point  E.  The  voltage  across 
E3  is  also  SO  volts  positive,  but  E3  started  at  the 
pomt  that  was  already  SO  volts  positive  to  begin 
with.  In  other  words,  the  two  voltages  have  been 
added  together  as  follows: 

t 

E*  -f  E4  =  IR,  +  IR. 

=  50  +  50 
=  100  volts 

16-28.  Suppose  that  the  voltage  at  point  A  in 
the  figure  is  measured,  and  then  the  voltage  at 
pomt  B  is  measured,  both  with  respect  to  pomt  E. 
Obviously,  the  voltage  at  point  B  is  lower  than 
the  voltage  at  point  A;  thus,  there  is  a  fall  in 
potential  in  this  case.  Whether  there  is  a  rise  or 
a  fall  in  the  potential  between  two  points  depends 
entirely  on  the  order  in  which  the  measurements 
are  made.  For  example,  it  is  equally  correct  to 
say  that  there  is  a  voltage  rise  from  B  to  A  with 
respect  to  pQint  E,  or  a  voltage  fall  from  A  to  B 
with  respect  to  point  E. 

16-29.  The  voltage  across  a  portion  of  a  cir- 
cuit is  called  the  voltage  drop  across  that  portion 
of  the  circuit.  Thus,  if  a  voltmeter  is  successively 
connected  across  points  A  and  B,  B  and  C,  C 
and  D,  and  D  and  E  of  the  figure,  it  will,  in  each 
instance,  show  a  potential  difference  of  50  volts. 
Voltage  drop  is  also  called  IR  drop.  The  mean- 
^  ing  of  IR  drop  is  apparent  when  you  realize  that 
it  is  a  statement  of  Ohm*s  law  for  voltage. 

E«c  =  E4  4-  £• 

The  voltage  drop  across  resistor  ^2  is 

E,  =  IR, 

=  2  X  25 
=  50  volts 

Again,  if  you  connect  a  voltmeter  between  points 
C  and  B,  you  will  obtain  an  indication  of  SO  volt^ 
^positive,  atid  if  you  connect  it  between  points 
E  and  B,  you  will  obtain  a  voltage  indication  of 


150  volts  positive.  The  50  volts  dropped  across 
resistor  R2  begins  at  a  point  that  is  already  100 
volts  positive  with  respect  to  point  E,  and  ends 
at  a  point  w^iere  the  voltage  is  150  volts  positive 
with  respect  to  point  E.  The  remaining  voltage, 
50  volts,  is  dropped  (used  to  force  current 
throughT  acros%^  resistor  Ri,  so,  that  the  total 
voltage  of  the  battery  is  Expended  across  the 
circuit.  In  equation  form 

BrsEi-fE^-fEt  +  Ei 

where  Et  is  the  open-circuit  voltage  of  the  bat- 
tery. 

16-30.  Power  in  a  series  circuit.  Whenever 
current  flows  through  any  electrical  circuit,  a 
certain  amount  of  power  is  expended  in  the  form 
of  heat.  Figure  76,  foldout  5,  can  be  used  to 
illustrate  how  power  is  distributed  in  an  electrical 
circuit.  In  part  A  of  the  figure,  the;power  ex- 
pended in  the  100-ohm  resistor  can  be  calculated 
in  three  ways  as  follows : 

P  =  IE  =  2  amp  X  200  volts  =  400  watts 

P  =  PR  =  (2  amp)»  x  100  ohms  =*400  watts  . 

R       .   100  ohms 

The  total  power  expended  in  the  circuit  is  400 
watts. 

16-31.  Refer  to  part  B  of  the  same  figure; 
since  Ri  =  Ro  =  R3  =  R^,  it  is  sufficient  to 
calculate  the  power  expended  in  only  one  of  these 
resistors  as  follows: 

P  =  PR 

=  (2)"  X  25  =  100  watti 

One  hundred  watts  is  expended  in  each  series 
resistor,  Ri,  Ro,  R3,  and  R4.  The  total  power 
expended  in  a  series  circuit  is  the  sum  of  the 
powers  expended  in  all  resist^ces  of  the  circuit. 
Thus,  ^he  total  power  expended  in  the  circuit 
illustrated  is  400  watts. 

16-32.  Parallel  Circuits.  A  parallel  circuit  is 
a  circuit  that  has  more  than,  one  path  for  current 
flow.  This  circuit  has  the  same  voltage  simul- 
taneously applied  to  each  path  from  the  output 
terminals  of  the  source. 

16-33.  Voltage  in  parallel  circuits.  A  sche- 
matic diagram  of  a  parallel  circuit  is  shown  in 
fif^ire  77,  foldout  5.  The  negative  terminal  is 
connected  to  point  B  of  resistor  Ri,  and  the 
positive  battery  terminal  is  connected  to  point  A 
of  resistor  Ri.  It  is  fairly  obvious  that  the  full 
battery  voltage  is  applied  across  resistor  Ri.  Re- 
sistor R2  is  also  connected  to  the  positive  terminal 
of  the  battery  at  {k)int  'A  and  to  the  ^negative 
battery  tennij|d  at  point  B.   The  full  battery 
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voltage,  therefore,  is  applied  directly  across  re- 
sistor Rj.  the  voltage  Ei  applied  across  resistor 
Ri  m\xst  be  the  same  as  the  voltage  Ez  applied 
across  resistor  Rj,  because  both  resistors  Ri  and 
Rs  are  connected  together  at  point  A  on  one 
tnd  and  point  B  on  the  other  end;  thus, 

Et  =  E. 

Similarly,  resistor  Ra  is  connected  directly  across 
the  battery  terminals,  A  and  B.  The  voltage  E, 
dropped  across  resistor  R3  is  also  equal  to^the 
applied  voltage  and  is  shown  as  follows:  \ 

Et  =  Eft  =  E9  =  £t 

* 

where  Et  is  the  total  voltage  supplied  by  the 
battery.  Voltmeters  Vx,  Vj,  and  V3  indicate  the 
same  voltage.  The  conclusion  is  that  in  a  parallel 
circuit  the  same  voltage  is  applied  to  each  resist- 
ance in  the  circuit. 

16-34.  Current  in  pardtel  circuits,  "Do  not 
.make  the  mistake  of  thinking  that  resistors  Ri, 
R3,  and  R.1  are  connected  in  parallel  with  the 
battery.  The  mere  fact  that  one  ciwiit  element 
is  connected  across  another  does  not  mean  that 
all  the  circuit  elements  are  in  parallel.  For  exam- 
ple, resistor  Ri  in  figure  77,  foldout  5,  is  physi- 
cally connected  across  the  battery,  but  electri- 
cally, it  is  a  series  circuit  because  the  same 
cunent  flowing,  through  resistor  Ri  is  al|o  flow- 
ing through  -the  battery.  In  the  same  figure, 
resistor  Ra  is  connected  across  resistor  Ri  in  a 
parallel  combination;  the  parallel  combination  of 
Ri  and  Rj  are  then  connected  in  series. across 
the  battery. 

16-35.  Suppose  that  a  6-volt  battery^is  used  to 
supply  electrical  power  to  the  circuit  shown, in 
figure  77/foldout  5.  Applying  Ohm's  law  to  that 
brancli  of  the  circuit  containing  Ri,  cunent  Ii 
njust  leave  the  negative  terminal  of  the  battery, 
flow  through  resistor  R^  and  return  to  the  posi- 
tive terminal  of  the  battery.  The  value  of  Ii 
will  be  ds  follows: 


It  =  - 


Ri 

=  JL, 

3 

=  2  amp 

Applying  Ohm's  law  to  the  other  two  paths  in  the 
circuit  will  yield 

r  =  3  amp 
L  =  3  amp 

16-36.  Therefore,  the  total  circuit  cunent 
leaving  the  battery  terminal  and  arriving  at  point 
B  is  as  follows: 


It  =  Ii  +  It  +  Ii  ' 

=2+3+3  .     ,  ^ 

=  8  amperes  * 

16-37.  At  junction  A,  the  three  cunents,  Ii 
=  2  amperes,  I2 » ==  ^  3  amperes,  and  I3  =  3 
amperes,  will  reconverge^sq  that  the  total  current 
arriving  at  the  positive  baUery  terminal  will  be 
as  follows: 

It  =  Ii  +  I,  +  L 
=2+3+3 
=  8  amperes 

16-38.  Ammeter  A  will  indicate  8  amperes, 
and  ammeters  Ai,  A2,  and  As  will  iI^dicate  2, 
3.,  and  3  amperes  respectively.  The  conclusion 
resulting  from  these  observations  is  that  the  total 
current  in  a  parallel  circuit  is  equal  to  the  sum 
of  the  cunents  in  the  individual  circuit  branches. 
The  current  through  any  branch  may  be  com- 
puted by  application  of  Ohm's  law,  and  depends 
on  the  amount  of  resistance  in  that  branch. 

16-i9.  Resistance  in  parallel  circuits.  An  ap- 
plication of  Ohm's  law  will  show  the  behavior  of 
resistance  in  a  parallel  circuit.  The  applied  volt- 
age across  a  resistance  causes  a  'conesponding 
flow  of  electrical  cunent  through  the  resistance. 
Therefore,  the  total  resistance,  Rt,  of  the  circuit 
in  figure  77,  foldout  S,  is  calculated  by 'using 
the  total  voltage,  Et,  and  the  total  current.  It, 
as  follows: 


Rt  = 


Et 


It 
8 

=  0.75  ohm ' 

Notice  that  the  battery  "sees'*  a  total  resistance 
8^  0.75  ohm,  even  though  the  lowest  ohmic  value 
of  any  one  branch  resistor  is  2  ohms.  But  do 
not  forget*  that  as  far  as  the  battery  is  con- 
cerned, it  is  delivering  electrical  energy  to  a  series 
circuit.  Such  bebavior  leads  to  the  conclusion 
that  the  equivalent  resistance  of  a* parallel  cir- 
cuit is  always  less  than  the  resistance  of  any  one 
branch  of  'the  parallel  circuits.  Furthermore,  as 
far  as  total  current  and  voltage  is  concerned,  the 
three  parallel-connected  resistors,  Ri,  R3,  and 
R3  coi|ld  be  replaced  with  a  single  equivalent  re- 
sistor Re,t.  in  SERIES  with  the  battery  to  main- 
tain the  same  circuit  current.  , 

16-40.  In  many  applications,  it  is  highly  de- 
sirable to  evaluate  the  parallel  combination  of 
resistances  as  an  equivalent  series  circuit.  As  pre- 
viously discussed.  Ohm's  law  is  satisfactory 
for  calculating  the  equivalent  series  resistance 
Rcq  when  the  applied  voltage,  E,  and  the  total 
cunent.  It,  delivered  to  the  parallel  circuit  are 


90 


96 


i 


known.  However,  it  is  often  necessary  to  deter- . 
mine  R  when  neither  the  voltage  nor  the  cur- 
rent i$  known.  Hence,  in  figure  78,  foldput  5, 
two  resistors  are  shown  in  the  parallel  connection 
isolated  from  any  source  of  electrical  energy  to 
emphasize  'the  fact  that  only  the  resistance  is  ncc; 
essary  to  compute  equivalent  resistance* 

16-41.  In  addition  *to  resistance,  a  conductor 
also  possesses  conductance,  which,  as  you  recall 
from  previous  discussions,  is  an  indication  of  the 
ability  of  a  material  to  conduct  currei\t.  Math- 
ematically, conductance  is  the  reciprocal  of  re- 
sistance, and  can  be  calculated  with  the  aid  of 
the  following  formula: 


G  = 


1 

R 


Conductances  in  parallel  can  be  added  together 
to  obtain  total  conductance;  therefore,  if  you  as- 
sign Gi  as  the  conductance  of  the  circuit  branch 
containfaig  resistor  Ri,  and  as  the  conductance 
of  the  circuit  branch  containing  resistor  Ra,  you 
wiU  obtain  the  total  conductance,  Gr,  of  the  cir- 
cuit as  follows: 


Gt  =  Gi  -f  Gi  = 


1 

R. 


1 

R> 


Now  that  the  formula  for  conductance,  Gt,  .of 
the  circuit  has. been  derived,  the  total  resistance, 
Rt,  of  the  circuit  can  be  obtained  by  using  the 
relationship  as  follows: 


Rt  = 


1 

Gt 


Gi  +  Gt 
1 

^  +  -1- 
Ri  .    '  R* 


16-42.  The  total  resistance  of  the  circuit^shown 
in  figure  78^  foldout  5,  is 


Rt  = 


1 


100  20O 
1 

0.0 1  4-  0.0O5 
1 


0.015 
=  66.6  ohms 

16-43.  Returning  to  the  circuit  of  figure  77, 
foldout  5,  you  recall  that  the  equivalent  resist- 
ance of  that  circuit  is  0.75  ohm.  An  application 
of  the*  principles  just  discussed  results  in  the  fol- 
lowing: 


Rt  = 


1 

R» 


1 

R. 

1 


1 


1.3333 
=  0.75  ohm 

This  method  of  calculating  the  equivalent  Series 
resistance  of  a  parallefcircuit  is  called  the  recip- 
rocal resistance  method,  and  may  be  used  to  de- 
termine the  total  resistance  of  ^y  number  of  par- 
allel resistances.  It  is  shown  in  part  B  of 
figure  78,  foldout  5.  Stated  as  a  rule,  the  equiv- 
alent series  resistance  of  a  parallel  circuit  is  equal 
to  the  reciprocal  of  the  sum  of  |he,  reciprocals  of* 
the  individual  parallel  resistances. 
,  16-44,  Observingrthe  equation  of  the  recipro- 
cal method,  shown  in  figure  78,  foldout  5,  it  ap- 
pears quite  clunlsy.  By  performing  arithmetical 
operations,  it  can  be  changed  into  a  more  con- 
venient form,  as  developed  below. 


Rt  = 


1 


1 


The  lowest  common  denominator  of  the  equa- 
tion's denominator  is  R1R2;  tcnce,  clearing  the 
fractions  in  the  denominator  yields  the  following: 


Rt  = 


R«"h  R> 
Ri  Rs 


Dividing  fractions  by  inverting  and  multiplying 
results  in  the  following: 


Rt  = 


RiRi  s^ 

— j—  X 

Rt  Rt 

Ri  +  R» 


1 


R.  +  R» 


This  procedure  is  called  the  product-sun\  method 
and  is  very  convenient  for  two  resistances.  If  a 
circuit  contains  three  or  more  resistances,  the 
method  becomes  long  and  tedious.  This^  method, 
'  which  is  shown  in  part  C  of  figure  78,  fold- 
out  5,  may  be  stated  in  a  rule  as  follows: 
The  equivalent  series  resistance  of  a  parallel  cir- 
cuit composed  of  two  resistors  is  equal  to  the 
product  of  the  resistances  divided  by  the  sum  of 
the  resistances. 

16-45.  The  product-sum  method  can  be  used 
to  verify  the  results  obtained  in  previous  discus- 
sions with  respect  to  figure  77,  foldout  5,  even 
though  it  is  more  troublesome  to  apply.  The 
equation  is  shown  below. 
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Rt  = 


Rt  Rt  Ri 


Ri  R*  +  Ri.  R»  +  R>  R* 

_   3X2X2  

"    (3  X  2)  +  (3  X  2)  +  (2  X.2) 

-  Jl. 
~  16 

=  0.75  ohm 

>^ 

16-46.  If  you  prefer  the  product-sum  method 
because  it  is  easier  to  remember,  you  can  apply 
it  to  circuits  with  more  than  two  parallel  resist- 
ances by  a  method  of  combinations.  To  do  this, 
fint  determine  the  equivalent  resistance  of  any 
two  parallel  branches;  the  result  of  this  calcula- 
tion can  then  be  used  as  one  of  the  resistances 
to  combine  with  any  one  of  the  remaining  re- 
sistances. Continue  the  process  9f  combining  the 
calculated  resistances  until  all  of  the  resistances 
have  been  iiy:luded  in  the  calculations. 

16-47.  For  example,  the  circuit  of  figure  77, 
foldout  5,  may  be  used  'to  sho^  how  this  com- 
bination is  accomplished.  First,  find  the  equiva- 
lent resistance  Rtn  of  resistors  R2  and  R3  as  fol- 
lows: 


Rm  = 


_  R.R. 


jR*  +  R* 
^2  X  2 

2  +  2 

4 

4 

1  ohm 


The  total  resistance  Kt  of  the  circuit  can  now  be 
calculated  as  follows: 

f 


R.,  +  R. 

=  ^  X  3 
1  +  3 

_  3 
4 

=  0.75  ohm 


The  calculation  6f  R'eq  in  the  fint  step  of  this 
example  shows  a  very  interesting  relationship  in 
parallel-circuit  resistance.  The  value.of  resistors 
R2  and  R3  was  the  same;  that  is,  each  resistor 
had  a  value  of  2  ohms.  The  equivalent  resist- 
ance of  these  two  resistors  is  equal  to  1  ohm, 
which  is  just  half  the  value  of  either  resistor. 
This,  then,  is  a  special  case  in  calculating  the 
equivalent  resistance  of  resistors  of  equal  value. 
From  this  example,  a  rule  can  be  formulated  as 
follows:  When  resistors  of  equal  value  are 
placed  in  a  parallel  circuit,  their  equivalent  re- 
sistance is  equal  to  the  result  of  dividing  the  value 
of  one  resistor  by  the  total  number  of  resiston. 

16-48.  One  other  relationship  between  the 
values  of  two  resistors  in  parallel  can  be  shown. 


Suppose  that  resistor  Ri  had  a  value  of  1  ohm 
and  that  resistor  R2  had  a  valde  of  10  ofcras; 
the  ratio  o|  the  resistors  is  1  to  10.  Calculation 
of  the  equivalent  resistance  is  as  follows: 


Rt  = 


_     Rx  R. 


Ri  +  R« 
1  X  10 


1  +  10 

•  =  Ji- 

ll 

=  0.90909  ohm 

This  is  approximately  equal  to  0.9  ohm.  The 
calculation  shows,  that  when  any  two  resistors  in 
the  rafio  of  1  ti^  10  are  in  a  parallel  circuit, 
their  equivalent  *  resistance  is  always  approxi- 
mately equal  to  90  percent  of  the  value  of  the 
lowe^  ohmic  resistance  value.  If  .the  two  resis- 
tors had  been  10,000  ohms  and  100,000  ohms 
instead  of  1  ohm  and  10  ohms,  the  resulting 
equivalent  resistance  would  have  been  approxi- 
mately 9,000  ohms. 

16-49.  Power  in  parallel  circuits.  The  power 
expended  in  a  parallel  circuit  can  be  calculated 
quite  easily.  Using  the  circuit  shown  in  figure  77, 
foldout  5,  the  power  dissipation,^ Pi,  of  resistor 
Ri  is  shown  "below. 

Pi  ±:  VRi 

=  (2)'  X  3 
=  12  wttts 

Similarly,  since  R2  and  R3  have  equal  values  of 
^■esistance  and  equal  circuit  current  through  them, 
the  power  dissipation  in  each  resistor  is  shown 
below. 

P,  =  P,  =  I'R,' 

=  (3)"  X  2 
=  18  watts 

16-50.'  The  internal  resistance  of  the  battery 
is  unspecified;  hence,  the  power  delivered  by  the 
battery  must  be  calculated  by  using  a  different 
relationship  than  P  =  PR.  The  relationship 
P  =  IE  is  suitable,  and  yields 


Pt  =  ItEt 
=  8X6 
=  48  watts 


IT 


Checking  the  power  distribution  in  the  external 
circuit  wit^  the  power  provided  by  the  internal 
circuit  of  the  battery  shows  that 

Pt  =  Pi  +  Pi  -f  P« 

48  =  12  +  18  +  18 
48  =  48 
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Thus,^c  power  provided  by  the  battery  is  ex-  • 
pended  in  the  external  circuit  as  a  function  of 
the  resistance  in  each  parallel  branch. 

16-51.  Series-parallel  circuits,  as  the  name  im- 
plies, arc  combinations  of  series  and  parallel  cir- 
cuits! There  aje  no  special  rules  for  analyzing 
this  type  of  circuit;  you  must  systematically  apply 
the  rules  for  both  scries  and  parallel  circuits  as 
required.  As  a  general  rule,  however,  it  is  always 
best  to  reduce  parallel  circuits  to  an  equivalent 
series  circuit  as  a  first  step  in  analyzing  the 
overall  circuit.       ^  ' 

17.  Reactance 

n-l.  At  this  point,  you  have  reached  the  end 
of  the  straight  circuit  analysis.  You  have  finished 
resistance  circifits.  The  next  circuits  to  be  studied 
will  contain  capacitance  and  inductance,  Tl^ese 
terms  are  not  really  new  to  you  because  you  were 
exposed  to  them  in  the  3-levcl  school.  Thinking 
back,  you  know  that  circuits  with  capacitors  and 
inductors  gave  you  trouble  in  the  resident  school. 
Why?  We  will  attempt  to  answer  this  question 
in  the  discussion  to  follow. 

17-2.  Capacitance.  Electrical  devices  that  are 
constructed  of  conductive  material  and  separated 
by  an  insulating  material  are  called  capacitors  or 
condensers.  The  more  acceptable  of  these  two 
terms  is  capacitor.  The  conductive  materials  con- 
tained in  a  capacitor  are  called  plates,  whether 
or  not  the  materials  physically  appear  as  plates. 
The  insulating,  material  between  capacitor  plates 
is  called  the  dielectric  material,  and  may  be  in 
a  solj^,  liquid,  or  gaseous  state. 

17-3.  The  ca]iacitance  of  a  capacitor  is  deter- 
mined by  the  plate  area,  the  distance  between 
the  plates,  and  the  dielectric  material.  Increasing 
the  plate  area  or  decreasing  the  distance  between 
the  plates  increases  capacitance  or  vice-versa.  By 
using  a  dielectric  material  that  is  a  better 
insulator,  you  will  also  increase  capacitance. 

17-4.  Capacitance  Values.  The  unit  of  Ca'paci- 
tance  is  the  farad.   This  unit,  however,  iss  too 
•large  for  practical  circuits.   A  more  convenient 
\  unit  is  the  microfarad,  which  is  equal  to  one-mil- 
lionth of  one  farad  (1  X  10-Hfarad). 

17-5.  In  the  previous  section,  you  were  shown 
that  resistors  could  be  connected  together  in  var- 
ious ways  to  produce  different  results;  that  is,  in 
series,  parallel,  and  series-parallel  circuits.  Ca- 
pacitors arc  no  exception  to  this  rule.  Capacitors 
are  manufactured  in  ^  standards  values. ,  Very 
often,  however,  nonstandard  capacitance\values 
are  required'  for  a  particular  applicatioit^  and 
these  may  be  obtained  by  connecting  standard 
values  of  capacitors  in  series,  parallel,  or  series- 
parallel  circuits  to  achieve  the  exact  capacitance 
values  desired 


•17-6.  Series  Capacitors.  Suppose  that  two 
capacitors  are  connected  in  series  with  each  other, 
as  shown  in  figure  79,  foldout  5.  Plate  X  of  ca- 
pacitor Ci  and  plate  Y  of  capacitor  C2  are  joined' 
together;  thus,  it  is  quite. obvious  that  both  plates 
will  assume  the  same  electrical  potential.  Both 
of  these  capacitor  plates  couldU>e  merged  to- 
gether into  ti  single  plate  for  practical  purposes. 
Consider  plate  W  of  Ci  and  plate  Z  of  C2.  These 
two  plates  will  have  opposing  operating  potentials, 
'^ut  more  important  than  this,  dielectric  A  of 
thickness  d  is  added  to  dielectric  B  of  thickness 
d,  plus  the  thickness  of  plates  X  and  Y.  Notice 
that  as  the  thickness  (d)  of  •  the  dielectric 
increases,  the  overall  value  of  the  resu1t»g,^ca- 
pacitance  decreases.  The  basic  equation,  for  tot^ 
capacitance  in  a  series  circuit  is  shown  below. 


Ci  -f  c 


This  equation  can  also  be  resolved  into 


Ct.  = 


1 . 


I 


I 

C, 


Both  of  these  equations  bear,  a  striking  similarity 
t5*the  equations  used  to  compute  the  total  circtftl 
resistance  value  of  resistors  in  parallel.  An/ex- 
amination of  these  equations  reveals  that  omer 
generalizations  that  are  true  of  resistors  connected 
in  parallel  are  also  true  of  capacitors  connected 
in  series:  (1)  The  total  capacitance  of  the  com- 
bination is  less- than  the  capacitance  of  the 
smallest  individual  capacitor  used  in  the  circuit. 
(2)  If  the  capacitors  are  of  equal  value,  the  total 
capacitance  may  be  obtained  by  dividing  the 
capacitance  of  one  of  the  capacitors  by  the  total 
number  of  capacitors  connected  in  series. 

17-7.  Parallel  Capacitors^  Suppose  th^t  two 
capacitors  are  connected  in  parallel  with  each 
other  as  shown  in  figure  80,  foldout  5.  Capa'ci- 
tor  plates  W  and  Y  are  connected  together;  thus 
both  plates  accfUire  the  same  potential  when  en- 
ergy is  applied.  Similarly,  capacitor  plates  X  and 
Z  are  connected  together;  these  two  plates  h^ve 
the  same  operatmg  potential,  equal  in  amplitude 
but  opposite  in'' polarity  with  respect  to  plates 
VY  and  Y.  It  shoulcl^be  obvious  that  the  area  of 
plate  W  is 'increased  by  the  area  of  plate  Y; 
the  same  holds  true  -for  the  area  of  plates  X 
and  Z.  Inspection  of  the  figure  shows  that  con- 
'necting  capacitors  in  parallel  does  not  effectively 
change  the  thickness  of  the  dielectric  material  of 
the  equivalent  capacitor.  Since  capacitance  is  di- 
Yectly  proportional  to  plate  area,  the  equivalent 
capacitance  for  the  parallel  combination  should 
be 
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Cr  =  C  + 

17-8.  Capacitive  Circuits-Direct  Current  Ca- 

.pacitive  circuits  in  conjunction  with  resistive  and 
inductive  circuit  elements  constitute  the  bulk  of 
electrical  and  electronic  circuits.  Resistance- 
capacitance  circuits  are  widely  used  in  all  types 
of  applications  because  of  simplicity,  and  econ- 
omy; these  are  identified  by  the  term  **RC  cir- 
cuit." 

N 

17-9.^  The  conditions  in  effect  prior  to  the  time 
a  capacitor  is  connected  into  a  direct  current  cir- 
cuit must  always  be  known  for  a  complete  dis- 
cussion of  the  subject.  There  must  be  no  charge 
'stored  in  the  dielectric  material,  and  the  capaci- 
tor  plates  must  be  electrically  neutral.  T<5  pbtain 
this  condition,  both  capacitor  plates  must  be 
short-circuited  together  for  a  suitable  time  to  pen 
mit  neutralization  of  electrical  charges,  Pan^ 
of  figure  81,  foldout  5,  shows  a  switch  with  on 
set  of  contacts  arranged  to  provide  the  short  cir- 
tw\i  function  required  during  the  following  dis- 
cussion of  time  constant.  The  other  set  of  s\Vitch 
contacts  provide,  operating  potentials  to  the  ca- 
•  pacitor,  as  shown  in  part  B  of  the  figure.  Part  C 
of  the  figure  shows  a  charge-versus-tipe  plot  of 
capacitor  current  and  voltage  relationships  that 
will  be  lised  during  the  discussion  ofiime,  con-' 
stant. 

17-10.  Capacitor  charging.  During  the  follow- 
ing discussion,  'assume  a  capacitor  has  a  value  of 
100  fiL  Before  and  during  the  first  instant  that 
switch  S  is  operated  (see  part  B  of  the  fig]|(re), 
the  capacitor  plates  are  considered  to  be  com- 
pletely neutralj  there  is  nq^fference  of  potential 
across  the  capacitor.  As  f^rSS  existing  potentials 
are  concerned,  both  capacitors  plates  represent 
one  and  the  same  circuit  p(Jint/  This  causes  the 
circuit  to  appear  as  a  short  circuit  across  the 
battery  terminals.  After  the  first  instant,  a  heavy 
circuit  current  will  move  into  mt  capacitor  plate, 
onl^  to  be  stopped  there  because  of  the  insulating 
dielecuic  material.  At  the  same  instant,  a  dif- 
ferent current  having  the  same  direction  and 
amplitude  will  originate  at  and  move  from  the 
remaining  capacitor  plate  into  the  battery  ter- 
minal. The  amplitude  of  the  capacitor  current  is 
very  large  during  this  brief  instant.  As  yet,  there 
has  been  no  charge  acquired  by  the  dielectric 
material;  hence,  the  capacitor  charge  is  equal  to* 
zero.  Therefore,  the  voltage  across  the  capacitor. 
El.,  'is^equal  to  zero  volts. 

17-11.  After  an  interval  of  time,\electrons  will 
arrive  at  one  capacitor  plate  and  cause  a  net 
negative  charge  on\hat  plate;  electrons  that  mpve 
into  the  battery  cause  the  remaining 'capacitor 
plate  to  acquire  a  net  positive  charge.  Since 
these  charges  are  held  capacitively  in  tjieir  re- 


spective locations,  an  electrical  force  is  exerted 
across  the  dielectric  material.  The  mJblecules  in 
the  dielectric  material  establish  equwibrium  by 
turning  to  align  themselves  with  the  existing  elec- 
tric field  present  at  the  capacitor  .plates.  This 
movement  of  dielectric  molecule* /partially  neu-  ' 
tralizes  the  charge  on  the  capacitor  ^plates  and 
permits  an  ^additional  charge  \a  move  into  the 
plates.  A  >eryy definite  Time  interval  is  required 
to  move  jdectroris  into  the  capacitor  and  to  per-  ' 
form  tp  work  required  to  pntnX  the  dielectric' 
mollies  with  thV  electric/field.   Assume  that 
tbc^harge,  Q,  acqVed  by  the  capacitor  during 
ie  time  interval  is  1^8       lO"*^  coulombs;  the 
ltage,£^  across  the  Capacitor  would  be  .55*5V. 
17-12.  Inspection  of  the  graph  shown  in  figure  - 
8ll,  foldout  5,  shows  that  during  the  first  time 
interval  the  capacitor  current  decreases  from 
.^^^aximum  to  18  X  lO'^  coulombs,  and  the  ca-  - 
^-pacitor  voltage  increases  from  zero  to  0.555  volt. 
Suppose  that  another  time  interval  (equal  to  the 
first  time -interval)  is  chosen,  and  the  charge  on 
the  capacitor  is  recorded  at  that  time.  Assume 
that  the  charge  is  now  7.65  X  10"^  coulombs, 
the  voltage,  Ec,  across  the  capacitor  is  now  1.3V. 
Fropi  these  two  examples,  you  can  see  that  dur- 
ing the'  first  time  interval  of  the  charging  cycle 
of  the  capacitor,  the  charging  current  decreases 
frop  some  maximum  value  to  18  X  10"*  cou- 
lombs, and  then,  during  the  second  time  interval 
to  7.65  X  10 coulombs.  Therefore,  the  charg; 
ing*turrent  decreases  nonlinearly  witl?  time.  The' 
vbltage  relationships  show  that  (he  Voltage  in- 
creases from  zero  to  0.55  volt  and  then  to  1.3 
volts.   The  4:urrent  through  the  capacitor  de- 
creases in  the  .same  proportion  during  the.  same 
time  intervals.  A  point  will  be  reached  when  the 
voltage  across  the  capacitor  is  practically  equal 
to  the  applied  voltage,  and  at  this  "point,  th^ 
charging  current  will  be  practically  zero. 

17-13.  Capacitor  discharging.  To  observe  the 
conditions  during  capacitor  discharge,  switch  S 
musr'be  operated  to  the  position  shown  in  part 
A  of  figure  81,  foldout  5.  This  places  a  short 
circuit  acrosj  the  capacitor.  Capacitor  current 
will  be  very  high  during  the  initial  instant,  but 
will  then  decrease  to  \zero.  The  stored  voltage 
will  also-  be  reduced  to  zero.  This  initial  change 
in  circuit  -conditions  results  from  neutralization 
of'hiobile  cfiarges,  that  is,  the  combination  of 
.electrons  wiih  positive  fons.  The  warped  elec-  ' 
tron  orbits  of  dielectric  atoms  will  now  attempt 
to  regain  their  original  orbital  positions,  but  they 
cannot  do  so  instantaneously.  The  dielectric 
^atoms  will  /epcl  electrons'  out  gf  the  capacitor 
plate,  as  shoWh  in  (igure  81,  and  attract  them  to 
the  remainiijg  plate  to  reduce  the  electrical  force 
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external  to  the  plate.  The  decay  of  capacitor 
charge  will  be  accomplished,  at  the  same  rate  as 
that  shown  during  the  charging  process,  because 
the  same  dielectric  atoms  are  affected  in  both 
cases.  However,  the  current  and  voltage  decrease 
together  through  a  discharging  capacitor,  as  op- 
posed to  the  voltage  increase  and  current  de- 
crease in  a  charging  capacitor. , 
'   17-14.  RC  time  constant.  When,  a  resistor  is" 
connected  m  series  with  the  capacitor,  as  shown 
in  figure  82,  folflput  5,  the'  circuit  action  is  modi- 
fie^l  in  degree^  but  tfot'Tn  kind.  Since  the  tw'b 
capacitor  plates  are  assumed  to  have  no  original 
accumulated  oiiarge^.the  injtant  that  switch  S  is 
operated 'to  Jhe  CQntacts  opposite  those  shown  in 
figure  ,82;  the  capacitor  plates  will  still  appear  to 
the  energy  source  as  a-conlpl^te  and  continuous 
circuit  as  before.  Under  these  circumstances,  full 
output  voltage  >Vill  appear  across  resistor  R  be- 
cause the  total  circuit  current  flowing  from  .the 
battery  will  be  limited  only  by  the  resistance  of 
resistor  R.  In  turn,  this  means  that  the  capacitor 
current  will  not  be  infinite  during  this  initial 
period  but  will  be  limited  to  some  value  by  the 
action  of  the  resistor. .  On  the  other  hand,  the 
voltage  across  the  capacitor  will  be  zero  during 
the  initial  perioc}  because  the  atoms  in  the  di- 
electric material  cannot  align  themselves  with  the 
electric  field  instantaneously;  thus.  the.  capacitor 
appears  as  a  short  circuit. 

17-15.  During  any  subsequent  period,  the  volt- 
age across  resistor  R  and  the  voltage  across  ca- 
pacitor C  must  always  equal'the  applied  vohage. 
^As  the  capacitor  charges,  the  voltage  across  the 
capacitor  increases  toward  the  applied  voltage. 
This  means  that  the  voltage  across  the  resistor 
decreased  by  the  same  amount.  As  the  voltage 
across  the  resistor  decreases,  it  causes  the  current 
through  the  resistor  to  decrease  also.  From  this 
information  you  may  conclude  that  the  capacitor- 
charging  cunent  is  still  governed  by  the  resistor 
during  any  subsequent  capaciU>r-charging  period. 
-The  amount  of  time  required  for  a  capacitor  to 
Uejch  full  charge  is  dependent  upon  the  value  of 
the  resistor  relative  to  the  value  of  the  capacitor. 
With  a  capacitor  of'  given  value,  it  can  hold  a 
very  definite  maximum  charge  and  no  more.  If 
the  value  of  a  resistor  is  increased,  the  charging 
cunent  of  the  capa^citor  is  decreased.  With  a 
decreased  charging  current,  a  longer. time  is 
required  for  the  capacitor  to  acquire  its  maximum 
charge  than  would  be  the  case  without  the  resistor 
in  the  circuit.  Sincrf  the  maximum  charge  is  de- 
termined by  the  value  of  capacitor-  C  and  the 
chargiiTg  current  of  the  capacitor  is  limited  by 
resistor  R,  it  should  be  apparent  that  the  product 
of  the  resistor  and  capacitor  together  will  deter- 
mine how  long  electrical  current  must  flow  in  ^ 


order  tcr  impart  maximum  charge  to  the  capacitor. 
The  product  of  the  values*  of  resistance  and  ca- 
pacitance is  called  the  RC  time  constant  of  the 
circuit;  its  symbol  is  T,  and  it  is  expressed  in  ^ 
terms  of  seconds.  Thus, 

T  =  RC 

♦  where  T  is  expressed  in  seconds,  R  is  expressed 
in  ohms,  and  C  is* expressed  in  farads. 

17-16.  When  a  resistpr  and  a  capacitor  are 
connected  together  in  a  parallel  combination,  the 
circuit  action  changes  somewhat,  but  the  time 
constant,  T  =  RC,  remains  unchanged.  How- 
ever,'a  parallel  resistance  provides  a  direct  elec- 
trical path  froip  the  negative  plate  of  the  capaci- 
tor to  its  positive  plate.  Should  a  change  in 
charge  occur  suddenly  at  one  plate,  a  current 
would  be  sent  around  the  capacitor  and  through 
the  resistor  to  restore  the  conditions  to  normalcy. 
jEffectively,  a  series  circuit  still  exists;  thus,  the 
statement  that  T  =  RC  holds  true  for  parallel 
as  well  .as  series  circuits. 

17-17.  The  time  constant  a  circuit  is  a 
measure  of  how  rapidly  the  volta^s  and  currents 
in  a  resistance-capacitance  circuit  can  respond 
to  changes  in  voltage  or  current  amplitudes.  A 
small  time  constant  indicates  that  the  circuit  can 
respond  to  changes  in  circuit  conditions  very 
rapidly.  A  large  time  constant  indicates  that  the 
circuit  responds  very  slowly  to  circuit  conditions. 
Therefore,  the  slope  of  the  charge-discharge 
curve  can  be  made  to  conform  vidth  almost  any 
desired  angle. 

17-18.  Capacitivc  Circuitt — AHcmating  Cur- 
rent. To  reiterate;  in  a  directK:urrcnt  circuit,  if  an 
electromotive  force  is  applied  directly  across  the 
terminals  of  a  capacitor,  the  capacitor  will  tend 
to  react  as  a  constant  voltage  device.  The  vpft- 
age  across  the  capacitor  is  zero  when  the  time  is 
equal  to  zero  seconds.  At' this  very  same  instant 
the  capacitor  begins  to  charge  in  reaction  to  the 
applied  electromotive  force,  and  the  charging  cur- 
rent is  at  its  maximum  value.  Thus,  a  counter 
electromotive  force  is  acquired  by  the  capacitor, 
and  it  equals  the  applied  voltage  at  the  end  of 
the^  designated  charge  period.  Capacitors  em- 
ployed in  ialtemating  current  circuits  react  in  ex- 
actly the  same  manner.  v- 

17-19.  From  KirchhofFs  laws,  the  algebraic 
sum  of  the  voltages  around  any  closed  circuit, 
including  the  source,  is  zero.  Thus,  .when  the 
applied  electromotive  force  is  zero,  the  counter 
electromotive  force  is  also  zero,  wfien  the  ap- 
plied electromotive  force  is  at  a  jnaximum,  the 
counter,  electromotive  force  is  also  at  its  maxi- 
mum. Therefore,  this  voltage,  as  the  term  counter 
eUctifHiiotive  farce  implies,  is  in  opposition  to  the 


applied  voltage  r  this  fact  gives  rise  to  the  eXj 
pression  that  the  capacitor  voltage  charge  is  ISOi 
out  of  phase  with  the  applied  voltage*  j 
17-20.  As  you  can  observe  from  figure  8^, 
foldout  5,  the  phase  of  the  circuit  current  can  t(e  . 
taken  with  respect  to  either  the  applied  voltage 
or  the  counter  voltage.  By  standard  conventioK 
the  phase  relationship  of  current  and'  voltage  |is 
predicated  oji  the  applied  voltage.  Hence,  ttie 
capacitor  current  leads  the  applied  Voltage.  Ks 
the  applied  v6Itage  parses 'through  zero,  moving 
in  a  positive  direction,  the  slope  of  its  curv^;  is 
positive;  at'  the  same  time  the  capacitor  current 
passes  through  a  positive  maximum,  showing  {hat 
the  capacitor  current  is  displaced  in  time  byi  90 
electrical  degrees.  The  phase  relationship  ttv  a 
pure  capacitor  is  such  that  the  capacitor  Qurirent 
leads  the  applied  voltage  by  90°,     ✓  -  •     r  - 

17-21..  Capacitive  phase  angle.  As  noteb  in 
the  defiled  discussion  of  series  circuits,  the;  cur- 
rent .m  a  series  circuit  is  everywhere  the  Same 
and*  provides  a  reference  point  for  calculation  of 
circuit  constants.  When  an  applied  voltage,  E, 
is  connected  tor  the  xircuit  shown  in  part  A  of 
figure  84,  foldout  5,  the  circuit  current,  i,'will  be 
90®  out  of  phase  with  the  applied  voltage.  The 
voltage^  Cr,  across  the  iresistance  will  be  in  phase 
with  current  i.  The 'Voltage  across  the  capacitor 
will  be  9Qj®  out  of  phase  with  respect  to  the^same- 
.current,  i.  The  capacitor  Vdltage,  ep,  is  out  6f 
phase  with  the  resistor  voltage,  Cr,  by^  90° ;  wfet 
to  part  B  of  *tlie  figure. 

17-22.  'The  relationship'  between  the  applied 
voltage,  nhe  vo)tage  drops,  and  the  phase  angle  of 
any  series  RC  circuit  may  'be  determined  by 
'  means  of  elementary  Vectors*'  Since  the  voltage  ^ 
across  the  resistor,  eR,  is  in  phase  with  the  circuit 
current,,  i,  Cr  is  taken  as  the  reference  vector. 
The  reference  vector  is  drawn  horizontally  to  the.  ?. 
right;  the  length  of  the, vector  is  used  to  reprejfent 
the  number  of  volfe,  e^.  The  capacitor  voltage,'^,  ' 
er,  is  out  of  phase  .with  tl^e.  voltage  across  the 
resistor  by  90®,  The  capaciM\^e  voltage  vector  _ 
is  alw£\ys  drawn  at  dght  angles  to  the  reference 
vector  in  a  downward  direction;  the  length  of  the 
vector  is  used  to  represent  the  number  of ^  vblts,  ' 
If  dotted  lines  are  ^extended  from  the  tips  of , 
vectors  tc  and  Cr  tg*  form^a  completed  rectangle^ 
the  palrallelogram  of  fprcc^iaw  can  be  used;  to 
provide  two  important  relationships'.   Refer  *"ro 
part  A  of  figure  85,  fotdout^S.  . 

17-23.  When  a  diagonal  line  is  constructed 
,  through  the  junctii>n  of  vohages  Er  and. Err  you 
will  discover  th?it,  the  Fength  ojf  the  resultant  vtt* 
"tor -forms  the  hypotenuse  of  a  right  triangle  and 
is  numerically  equal  lo  the  value  o^the  applied 
voltage,  iln  other,  words,  when  the  voltages  Ec 


and  Er  are  known,  the  applied  voltage  can  be 
calculated  by  using  the  rellationship 


\ 


E  =  V5«*  +  Ec* 


This  is  the  first  of  two  important 'relationships 
to  be  derived  from  the,  parallelogram- -method  in 
the  additipn  of  forces. 

17-24.  The  second  relationship  to  be  discussed 
is  the  determination  of  the  phase  angle.  The 
phase  angle  can  be  computed  very  simply  by 
trigonometric^  mcthodsr.  Recalling  ,  that  the  tan- 
gent of  any  angle  is  the  opposite  side  dividecl* 
by  the'  adjacent  side^  you  will  obtain  the  relation- 
ship 


tan  e  0PP<»iteside 


adjacent  side 


Since  it  is  known  that  the  voltage  across  the  re- 
sistor is  in  phase  with  the  current  through  the 
resistor,  the  direction  of  the  voltage  vector,  Er, 
is  the  same  as  the  cunent  vector,  i.  The  phase 
angle,  ^,  is  the  angle  that  the  applied  voltage, 
E,  makes  with,,  the^  resistor  voltage  vector,"  Er, 
as  shown  in  pah  of  figure  85,  foldout  5.  Sub- 
stitifting  the  voltage.  Tfelationships  ^or.  the  ^  more 
general  mathematics^  relationships,  the  tangent 
of  the  angle  resolves  into 


jjyj  ^>       capacitive  voUage 


resistive  voltage 

17-25.,  The  actual  phase  angle  is  the  angle 
lose-  tangent  is  equal  to  This  can  be 

t,R       "  V  ^ 


shown  in  equation  form  by 

* 

fee 

B  =  arc  tan 

E»  . 

wlbere  6  is  equal  to  the  actual  phase  angle  and 
arc  t^n-=i--is  the  a?{gle  whose  tangent  is  •=^. 

Er      .  ^  Er  ' 

17-26.  In  consequence: of  this^elationship,  if 
the  voltage,  Er,  across  the  resistor  i^  large  with 
respect  to  the  voltagCj  Ec' across  the  capacitor, 
tHe  resultant  phase  an^e^will  be  small.  Similarly, 
it  the  voltage,  Er,  across  the  resistances  is  ^mall 
with  respect  to  the  voltage,  Ec,  across  the^  ca- 
pacitor, the  resultant,  phase  angle  will  be  l^ge. 
Hence,  the  value  of  tlje  resistor^  in  a  series  RC 
circuit  Qan  cause  the  circuit  current  to  leac^  the 
applied  voltage  by  some 'angle  Jess  than  90°. 

17-27,  Capacifive^  reactance.  A  new  term  had 
,to  bte  developed. to  distinguish  between  the  op- 
position offered  by  a  resistor  and^  the  opposition 
o'ffered  by  a  capaqitpr.  Since  the  ^reaction  of  a 


o 
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capacitor  to  an  alternating  voltage  is  a  function 
of  frequency,  the  word  reactance  was  chosen. 
It-45  designated  by  the  letter  X,  and  expressed 
in  ofms.  Capacitive  reactance  is  the  opposition 
offered  Dy  a  {Jurely  capacitive  circuit  to  the  flow 
of  alternating  current;  it  is  expressed  in  ohms.  It 
is  designated  by  the  relationship 

Xc  = 


2jrfC 


that  ma)^bc  properly  used  only  in'  the  special 
case  of  sinusoidal  waveforms.  If  the  applied  volt- 
ages and  currents  are  not  alternating  and  sinu- 
soidal in  nature,  the  capacitive  reactance  equation 
is  not  valid  and  should  not  used. 
0 17-28.  Impedance.  When  capacitances  and 
resistances  are  combined  together  to  form  a  cir-» 
cuit,  the  total  opposition  to  the  flow  of  cunent 
offered  by  the  circuit  is  not  the  ^simple  arithmeti- 
cal sum  of  the  reactance,  X,  and  resistance,  R. 
The  capacitive  reactance,  Xr,  is  added  to  the 
resistance,  R,  in  a  manner  that  takes  into  ac- 
count the  phase  differences  between  the  various 
voltages  in  the  circuit.  The  total  opposition  to  an 
alternating  current  is  called  impedance  and  is 
assigned  the  symbol  Z.  In  accordance  wjth  the 
requirements  of  this  new  term,  Ohm's  law  now 
takes  the  following  forms:   (a)  E  =  12,  (b) 

I  =^,and(c)Z=-^. 

17-29.  Recall  the  relationship  E  = 
VEU'  +  Ec^  from  the  discussion  involving 
phase  relationships.  The  applied  voltage,  E,  can 
be  replaced  with  the  term  Iz.  The  term  Er-  can 
be  replacec/  with  the  term  (IR)^  in  direct  ac- 
cordance with  Ohm's  law.  pnally,  the  term  Er" 
can  be  replaced  with  a  nevC  term,  (IXc)^.  These 
three  substitutions  can  be  used  to  form  the  fol- 
lowing equation:  ^ 

IZ  =  V(IR)'+  iTXc? 

Since  the  current  in  the  Scries  circuit  is  every- 
where the  same,  P  in  the  term  PR^  is  the  *same 
as  V  in  the  term  PXr".  Hence,  by  factoring 


17-30.  The  same  result  may  be  obtained  by 
means  of  vectors.  The  voltage  across  resistance 
Er  is  equal  to  IR,  and  the  voltage  across  ca- 
pacitor Er  is  equal  to  IXr.  Since  each  vector 
represents  a  product  of  which  circuit  current  is  a 
conunon  factor,  the  vectors  may  be  laid  off  pror 
portional  to  R  and  Xc,  which  are  separated  by 
90°.  Refer  to  figure  86,  foldout  5.  The  resultant 
vector,  Z,  is  the  hypotenuse  of  a  right  triangle 
and.  its  length  represents  the  quantity  of  the 
impedance  in  the  circuit  as  follows:  , 


IZ  =  fvl«(R'  Xc') 


W 


Z  =  VR'  -f-  Xc* 


Thus,  the  impedance  of  a  series  RC  circuit  is 
equal  to  the  square  root  of  the  ?um  of  the  squares 
of  the  resistance  and  the  capacitive  reactance. 


Z  =  VR*  -f  Xc' 

17-31.  You  can  also  confirm  that  the  angle  is< 
the  phase  angle  because  the  direction  of  the  im- 
pedance vector,  Z,  is  the  same  as  that  of  the 
applied  voltage  vector,  E.  The  phase  angle  can 
be  calculated  by  means  of  the  relationship  shown 
below. 


^  =  arc  tan 


Ec 


It  can  also  be  calculated  by  using  the  relationship 
shown  below. 


^  =:  arc  cos 


Z 


The  choice  of  equation  ta!^be  employed  is,  of 
course,  dictated  by  the.  information  -available. 
You  may  ascertain  that  if  the  resistance  is  large 
with  respect  to  the  capacitive  reactance,  the  cir- 
cuit tends  to  act  as  a  purely  resistive  circuit, 
and  the  phase  angle  approaches  zero  degrees. 
If  the  capacitive  reactance  is  large  with  respect 
to  the  resistitnce,  the  circuit  tends  to  act  as  a 
purely  capacitive  circuit,  and  the  phase  angle 
approaches  90®.  * 

17-32.*^  Parallel  RC  Circuits.  Figure  87,  fold- 
out  6  shows  capacitance  C  and  resistance  R  con 
nected  in  parallel  across  an  alternator.  Since  thik 
is  a  parallel  circuit,  the  voltages  across  the  re- 
sistor and  capacitor  are  the  same,  and  are,  there- 
fore, in  phase  with  each  other.  However,  the 
current  through  the  capacitor  leads  the  applied 
voltage  by  90  electrical  degrees,  and  the  current 
through  the  resistance  is  in  phase  with  the  applied 
voltage,  as  shown  in  part  B  of  the  figure.  Thus 
the  capacitive  current  leads  the  resistive  current 
by  90®,  and  the  resultant  current,  or  line  current, 
is  thej  vector  sum  of  these  two  currents.  In  part 
A  of  lig;ure  88,  foldout  6,  the  current  through  the 
resistance.  In,  is  laid  off  as  the  horizontal  vector, 
and  the  current  through  the  capacitance,  Ir,  is 
laid  off  as  the  vertical  vector.  The  Ic  vector  is 
laid  off  in  the  positive  direction  because  this  cur- 
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rent  leads  the  resistive  current,  lu.v  mis  vector 
is  taken  as  the  reference  because  it  is  in  phase 
with  the  applied  volt^age  and  represents  the  direc- 
tion of  the  applied  voltage.  The  resultant  vector, 
It,  represents  the  total  circuit  current,  and  the 
angle  this  vector  nfiakes  with  the  horizontal  vec- 
tor, 'In,  IS  the  phase  angle,  d.  Thus,  the  line 
current  is  said  to  lead  the  applied  voltage  by  the 
angle  9»  since  by  conventional  rotation,  the  Ir 
vector  follows  the  It  vector.  Refer  to  part  B 
of  the  figure.  The  phase  angle  is  given  by  the 
relationship  shown  below. 


current  and  voltage  vary  with  time,  the  product  of 
the  instantaneous  values  of  voltage  and  current, 
e  and  i,  is  also  a  function  of  time,  and  is  called 
the  instantaneous  power,  p.  If  the  AC  circuit  is 
strictly  resistive  in  nature,  thp  mstantaneous 
values  of  current  and  voltage  are  in  lAase  with 
each  other;  hence,  the  power  can  be  calculated 
as  follows: 


^  =  arc  tan 


Xc 
R 


This  is  exactly  the  same  as  the  relationship  for 
the  phase  angle  in  a  series  circuit. 

17-33.  The  magnitude  of  the  line-current  vec- 
tor, It»  must  always  be  greater  than  either  Ir 
ox  \'c  because  it  is  the 'hypotenuse  of  a  right 
triangle.  In  cases  where  a  knowledge  of  the 
phase  angle  is*not  required,  the  total  circuit  cur- 
rent can  be  computed  by  means  of  the  formula 
below. 


It  =  VIn'  +  V 

As  in  direct  current  ciptfuits,  the  total  current  in 
a  parallel  RC  circuit  is  always  greater  than  the 
current  in  any  individual  branch  circuit.  By  ex- 
tension, the  total  impedance  of  the  parallel  RC 
circuit  is  always  less  than  the  impedance  of  any 
constituent  branch,  as  inferred  by  the  relationship 
shown  below.        ^  .  >• 


Zt  = 


Z,  +  Zt 


17-34.- Power  In  Reactive  Clrcoits*  In  DC  cir- 
-cuit  analysis,  the  amount  of  power,  absorbed  by 
a  resistor  br  by  the  resistance  of  a  circuit  is  deter- 
mined  easily  and  simply  by  means  of  Joule's  law. 


P  =J'R 


where  all  symbols  have  been  previously  defined^. 
Since  the  voltage  drop  across  a  resistor,  R,  is 
equal  to  IR,  the  equation  sho^  above  can  be 
resolved  into 


P  =  IR  X  I 


and 


p=  (+i)  (+c) 


p=  (--i)  (--c) 


These  equations  for  determining  power  in  DC 
cirq]|ts  are  general  and  can  be  applied  to  any 
DC  circuit.  ^  .    .  ^ 

17-35.  In  AC  circuits,  the  determination  of 
power  is  a  more  complicated  process.  Since  both 


The  power  delivered  to  the  resistive  circuit  is  al- 
ways positive  in  ^gn,  which  indicates ,  that  the 

.  energy  is  dissipated  in  the  rcs^sfcr  in  the  form  of 
heat  and  cannot  be  returned  to  the  source.  In 
figure  89,  foldout  6,  the  plot  of  power  in  a  resis- 
tive circuit  shows  that  the  instantaneous  power, 
p,  goes  through  two  cycles  during  the  period  of 
one  voltage  or  current  cycle.  • 

17-36.  Apparent  power.  When  an  alternating 
voltage  is  applied  to  a  purely  capaciUve  circuit 
element,  there  Is  an  immediate  current  flow,  but 
the  corresponding  capacitor  voltage  is  not  totally 
developed  until  90  electrical  degrees  later.  Refer 
to  figure  90\  foldout  6.  Duri^he  first  90°, 

•  the  current  is  decreasing  in  amplitude  while  the 
voltage  is  increasing  in  amplitude;  however,  both 
the  current  and  voltage  are  positive  in  sign.  The 
resulting  power  developed  is  calculated  generally 
as  follows: 

p  =        (+0  =  +P  , 

This  relationship  shows  that  electrical  power  is 
being  drawn  from  the  source  to  charge  the  ca- 
pacitor. • 

17-37.  During  the  interval  from  90°  to  180  , 
the  voltage  across  the  capacitcft:  is  still  positive  but 

^  decreasing  in  value.  The  current,  on  the  other 
hand,  'is  increasing  in  amplitude  but  in  the  nega- 

^  tive  direction.  The  jresulting  power  developed  in 
the  circuit,  calculated  in  general  terras,  is  as  fol- 
lows: 

p  =  (^i)  (+c)  =  -P 

The  designation  of  negative  power  indicates^  that 
power  is  being  returned  to /he  source  during  this 
<  interval.  A  little  reflection  on  the  subject  of  ca- 
pacitive  reaction  shows  that  as  soon  as  the  volt- 
age across  its  terminals  be^ns  to  decrease,  the 
capacitor  will  discharge  into  the  circuit  in  an  ef- 
fort to  maintain  a  constant  terminal  voltage. 
Therefore,  it  must  be  true  that  during  the  90°  tj^ 
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180°  interval  the  capacitor  is  returning  energy 
to  the  source  which  it  absorbed  during  tjie  0^ 
to  90°  interval.  _ 

17-38.  The  area  under  the  positive  loops  ot 
the  power  curve  is  a  measure  of  the  power  de- 
livered to  the  load.  The  area  under  the  negative 
loops  is  a  measure  of  the  energy  returned  to  the 
source,  without  doing  any  useful  wprk.  In  a  cir- 
cuit "containing  a  pure  capacitance,  the  area  under 
the  positive  loops  equals  the  area  under  the 
negative  loops,  so  that  the  net  energy  delivered 
to  the  capacitor  by  the  generator  is  zero.  The 
power  associated  with  reactive  circuit  elements  is 
called  reactive  power  or  apparent  power  (P.), 
and  is  expressed  in  terms  of  volt-amperes;  mathe- 
matically this  relationship  is  shown  below. 

P«  =  IE  voll-ampcrcs 

In  other  words,  the  power  that  is  returned  to  the 
circuit  by  the  reactive  components  in  the  circuit 
is  known  as  reactive  power. 

17-39.  True  power.  When  an  alternating  cur- 
rent is  applied  to  a  resistance-capacitance  circuit, 
two  facts  should  become  apparent  to  you.  First, 
whatever  voltage  exists  across^  the  resistor  will 
cause  a  corresponding  current  'through  the  resis- 
tor; therefore,  power  is  converted  to  heat  in  the 
resistor.  Secondly,  there  is  a  very^definite  phase 
'angle  between  cunent  and  voltage  that  is  seldom, 
'  if  .ever,  exactly  90  electrical  degrees.  These  two 
factors  show  that  some  electrical  power  will  be 
expended  in  an  RC  circuit  by  the  resislor  as  +P, 
and  some  electrical  power  will  be  returned  to  the 
source  by  the  capacitor  as  -P.  The  power  as- 
sociated with  a  resistive  circuit  element  is  called 
the  true  power  or  real  power  and  represents  the 
actual  rate  of  doing  work.  True  power  is  ex- 
pressed in  watts  and  may  be«  determined  by  the 
following  fqrmula: 

TP  =  I'R 

17-40.  Power  factor.  In  reactive  AC  circuits, 
the  relative^amounts  of  apparent  power  and  true 
power  are  "an  important  consideration  from  the 
point  of  view  of  efficiency  and  circuit  design. 
The  ratio  of  true  power  to  apparent  power  is 
called  the  power  'factor  of  the  circuit;  it  is  ex- 
pre.ssed^in  mathematical  terms  as  follows: 


generally  to  be  desired  for  all  reactive  AC  circuits 
using  appreciable  power,  since  this  means  that  the 
circuit  is  very  nearly  resistive  in  character.  A  low 
percentage  power  factor  figure  means  that  there 
is  a  large  discrepancy  betwecnjbfrrvalues  of  the^ 
voltages  and  currents  in  the  circuit  and  the  actual ' 
values  needed  to  perform  the  work  desired. 

17-42.  Inductance*  In  the  analysis  of  resistive 
circuits,  any  opposition  to  the  fl6w  of  electrical 
current  was  termed  resistance.  The  current  in  a 
coil  may  be  compared  to  an  object  in  motion, 
^such  as  an  automobile,  which  is  retarded  by 
wind  resistance  and'  by  friction  between  the  tires 
and  the  surface  of.  the  road.  With  a  constant 


9^ 


Power  factor  = 
pf  = 


true  power 
apparent  power 
P 
P. 
I'R 
IE 


voltage  applied,  currentJferough  a^'coil  i^/limited 
only  by  the  resistance  or  th 


17-41.  It  is  impo^ant  fpr  you  to  realize  that 
a  power  factor  close  to  1.00  (100  percent)  is 


the  coil  wire,  if,*  how- 
ever, the  current  through  a  coil  is  interrupted 
suddenly,  by  opening  a  switch  for  instance,  a 
considerable  spark  will  jump  the  contacts  of  the 
switch  as  it  opens.  Opening  the  coil  circuit  is 
somewhat  like  suddenly  stopping  an  autompbile 
in  motion.  From  Newton's  first  law  of  motion,  it 
is  known  that  an  object  in  motion  tends  to  remain 
in  motion,  and  a  considerable  amount  of  force 
must  be  exerted  to  bring  the  objcdf  to  a  stop. 
For  instance,  if  a  speeding  automobile  were 
'stopped  suddenly  by  a  stone  wall,  the  momentum 
that  tended  to  keep  the  car  moving  would  be  ex- 
pended by  demolishing  the'  automobile  and  gen- 
erating heat. ,  In  the  case  of  the  coil  circuit  being 
suddenly  opened,  particularly^one  carrying  heavy 
current,  the  apparent  momentum  of  the  current 
meeting^  the  abrupt  high  resistance  of  the  open 
circuit  produces  a  high  voltage  and  dissipates  it- 
self as  heat  in  the  form  of  a  spark. 

17-43,  Furthermore,  Newton's  first  law  of 
motion  states  that  an  object  at  rest  tends  to 
remain  at  rest  unless  acted- upon  by  an  external 
force.  For  example,  an  automobile  must  exert 
considerable  force  to  produce  the  initial  move- 
ment of  the  machine.  After  the  car  has  reached 
cruising  speed,  the  only  force  necessary  to  keep 
it  rfioving  is  the  force  used  to  overcome  friction. 
In  a  IHcc  manner,  an  electric  current  through  a 
coil  cannot  be  started  mstantaneously;  there  is  a 
delay  in  time  between  the  application  of  the 
voltage  and  the  rise  of  current  to  its  full  value. 
In  a  coil  circuit,  electrical  current"  seems  to  pos- 
ses inertia  as  well  as  momentum. 

17-44.  Counter  electromotive  force.  In  the 
analysis  of  an  induced  electromotive  force  previ- 
ously considered,  you  were  shown  that  the  mag- 
nitude of  the  EMF  induced  in  a  conductor  of* 
unit  length  depends  upon  the  number  of  flux 
lines  cut  per  second.  Since  thcxfi  is  not  neces- 
sarily any  movement  of  the  conductor  or  of  the 
lines  of  force  in  self-inductance,  the  rate  of 


99 


ERIC 


105 


change  of  the  flux  density  is  equivalent  \p  physi- 
cal movement  of  the  conductor.  But,  as  already 
discussed,  the  flux  density  abput  a  conductor  is  ^ 
directly  proportional  to  the  current  in  the  con- 
ductor; the  force  setting  up  the  flux  linfes  is  equal 
to  0.47ml.  Since  OArr,  or  1.26,  is  a  constant 
factor,  the  factor  nl  is  called  the  ampere-turns. 
Any  change  in  current  changes  the  ampere-turns 
factor  nl  and,  consequently,  the  flux  density. 
Therefore,  the  magnitude  of  the  self-induced 
EMF  or  counter  electromotive  force  depends  di- 
rectly upon  the  rate  of  change  of  the  current  in 
the  circuit.  Thus,  -a  rapidly  changing  current 
induces  a  greater  counter  EMF  than  a  slowly 
changing  current.  r 

17-45.  The  EMF  self-induced  in  ^conductor- 
•  carrying  cirrrent  is  a  counter  electromotive  force. 
This  was  deduced  by  Lenz  from  the  principle  of 
the  conservation^  of  energy.  If  the  self -induced , 
EMF  were  not  a  counter  EMF,  then  ap  increase 
in  circuit  current  would  aid  the  applied  voltage 
and  would  thus  tend  to  increase  the  circuit  cur- 
rent. This  process  would  continue,  of  course, 
until  the  circuit  current  reached  an  infinite 
value — a  condition  not  possible  in  the  physical 
universe.  Lenz's  law  states  that  an  induced  EMF 
always  has  such  a  direction  as  to  oppose  the 
-action  that  produces  it.  Thus,  when  a  cunent 
flowing  through  a  circuit  is  varying  in  magni- 
tude, it  produces  a  varying  magnetic  field  which 
^  sets  up  an  induced  EMF  that  opposes  the  current 
•change  producing  it,  namely,  a  counter  electra- 
motive  force.  In  an  electrical  circuit,  the  char-  • 
acteristic  property  of  the  circuit  that  tends  to 
prevent  a  change  in  the  value  of  the  electric'al 
current  flowing  in  it  is  called  inductance,  and  is 
directly  comparable  'to  the  inertia  6t  physical 
objects.  ^  >^ 

The  henry.  Jhe  magnitude  of  the 
counter  electromotive  force  opposes  the  applied 
voltage  by»  the  product  of  the  inductance  6f  the 
»coil  and  the  change  in  current  with  change  in 
time.  The  greater  the  CEMF  produced  in  the 
»  cifpuit,.  the  greater  the  opposition  to  a  change  of 
current  in  that  circuft.  Therefore,  the  CtMF 
produced  by  a  specified  change  in  circuit  current 
is  a  measure  of  the  inductance  of  the  circuity 
expressed  in  henrys.  A' circuit  has  an  inductance 
of  1  henry  when  a  current  change  of  1  ampere 
per  second  causes  a  counter  electromotive  force 
of  1  volt  to  be  induced  in  it.  Since  the  hen^ 
is  defined  in  practical  units,  the  factor  1  X  ' 
lO-^  must  be  used  if  the  CEMF  is^to  be  ex- 
pressed in  volts  and  the  rate  of  chanM  of  current 
in  amperes  per  second. 

17-47.  Inductive  Circplts.  Inductoft,  like  other  / 
circuit  elements,  can  be  connected  in  series,  par- 
allel, and  series-parallel  circuits.  However,  the 
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circuits,  as  constructed,  do  not  always  perform  in 
accordance  with  calculations,  because  of  inter- 
acting magnetic  fields.  Since  these  fields  are  in- 
visible,  it  i^  rathec  difficult  to  place  inductors, 
even  the  shielded  types,  so  that  they  will  jiot 
interact:  Quite  often  a  mounting  space  is  chosen, 
and  a  hole  is  drilled  in  the  chassis  to  permit 
wiring  into  the  circuit;  upon  completion,  the  cir- 
cuit is  ^energized  and  set  into  operation.  A  suit- 
able detecting  or  indicating  device  is  then  con- 
nected into  the  circuit  to  measure  the  reaction  bf^ 
the  coil.  The  coil  is  rotated  slowly  as  the  indica- 
tor is  observed  for  the  desired  indioltion,  usually 
minimum  field  interaction.  The  i^uctor  is  then 
held  in  this  position,  and  the  mourning  holes  are 
marked.  This  procedure  is  followed  by  the  driif- 
ing  of  the  chassis,  and  -the  permanent  mountjjalg 
ef  the  inductor.  As  lonfe  as  the  magnetic  fields  of 
the  venous  inductors  used  do  not  mteract  with 
each  other,  the  actual  performance  of  a  series, 
parallel,  or  series-parallel  circuit  wUl  approxi- 
mate its  calculated  performance. 

17-48.  Series  inductance.  The  total  induct- 
ance, Lt,  of  inductors  connected  in  series  with 
each  other  is  the  sum  of  the  individual  induct- 
ances in  the  circuit,  provided  their  individual 
magnetic  fields  do  not  interact  with  each  other. 
Mathematically,  this  relationship  is  expressed  as 
follows: 

•  Lt  =  L,  +  U  +  U 

Observe  the  similarity  between  ihis  equation  and 
the  equation  for  calculating  the  total  resistance 
of  a  series  circuit. 

*  17-49.  Parallel  indiictancer  The  total  induct- 
ance, Lt,  of  inductors  connected  in  parallel  with 
each  other  is  calcylated  by  u«ing  the  relation- 
ships shown  below. 
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These  formulas^are  based  on  the  assumption  thar 
the  magnetic  fields  of  the  inductors  do  nol  inter- 
act with  each  other.  The  similarities  betweetf 
these  equations  and  the  parallel  resistance  equa-' 
tions  should  be  obvious  to  you.  The  generaliza- 
tions  resulting  from  these  equations  follow  the 
same  pattern  as  the  comparable  equations  for 
resistors  in  parallel  circuits. , 

17-50.  Inductiye  Circuits— Direct  Current  In- 
ductors are  more  widely  employed  in  direct-cur- 
rent circuits  than  are  capacitors,  chiefly  because 
inductors  are  used  in  electromechanical  devices 
such  as  motors,  generators,  relays,  and  automatic 
recording  mechanisms.  They  are  widely  used  in 
conjunction  with  resistors  to  form  a  variety  of  * 
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electrical  and  electronic  circuit  functions.  Cir- 
cuits that  contain  only  resistance  and  inductance 
are  called  LR  circuits, 

17-51.  Growth  cycle.  Refer  to  part  A  of  lig- 
ure  91,  fol4out  7,  which  shows  Ihe  LR  circuit 
shorted  by  switch  S.  As  long  as  the  switch  re- 
mains ii?  the  position  shown,  no  voltage  will  be 
applied  to  the  circuit.  Assuming  that  thcr  switch 
lias  been  in  this  position  for  a  long  period  of  time, 
there  will  be  zero  current  in  the  circuit  and  zero 
voltage  across  the  LR  circuit.  Operation  of  switch 
S  will  transfer  the  LR  circuit  from  the  short  cir- 
cuit to  the  battery  and  start* the  inspection  inter- 
val./Considcring  only  the  indVictor  at  this  time7 
yoyi  know  that  the  applied  electromotive  force 
tends  to  establish  an  electrical  current  througji  the 
inductor  winding.  This  same  current  produces  a 
magnetic  field,  which^  in  turn  induces  a  counter 
electromotive  force  that  opposes  the  action  of  the 
applied  electromotive  force.   Since  the  applied 
and  Counter  electromotive  forces  are  in  opposi- 
tion, the  trend  is  toward  mutual  cancellation. 
Complete   cancellation  'of   the.  applied  EMF 
is  never  accomplished,  however,  because  the 
CEMF  and  the  coil  current  establishing  that 
*  value  of  CEMF  'are  both  dependent  upon  the 
applied  EMF.   In  view  of  this  behavior,-  the 
circuit  current  will  remain  at  zero  during  the 
initial  closure  of  the  switch.   According  to  the 
laws  applicable  to  series  circuits,  the  current  in 
one  pc-t»on  of  the  circuit  is  always  equal  to  the 
current  in  other  portions  of  the  same  circuit. 
Since  th^circui>  current  is  zero  during  this  initial 
moment,  the  voltage  drop  across  the  resistor  must 
also  be  zero  by  application  of  OJira*s  law!  The 
data  gained  from  these  observations  show  that, 
at  the  instant  the  switch  is  operated,  the  full 
value  of  the  applied  electromotive  force  is  de- 
veloped across  the  inductor  windings  the  voltage 
across  the  resistor  remains  at^zero  volts,  and  the 
current  through  the  series  cir^it  remains  at  zero. 
This  data  is  shown  in  the  graphs  of  parts  B  and  C 
of  figure  91,  foldout  7. 

17-52.  As  the  current  through  the  circuit  be- 
gins to  mcriase  with  time,  a  corresponding  volt- 
age is  developed  across  the  resistor,  as  shown  by  , 
the  solid  line  in  part  C  of  the  figure.  The  voltage 
across  the  inductor  winding  is  decreased  by  the 
same  amount  in  conformance  with  Kirchhoffs 
laws.  The  net  result  is  that  the  voltage  across  the 
resistor  increases  with  increasing  current,  while 
the  voltage  across  the  inductor  decreases  with 
increasing  current.  At  some  point  in  time  the 
circuit  current  will  reach  its  maximum  practical 
value,  and  the  voltage  will  be  dis^tributed  in  such 
a  manner  that  all  of  the  applied  voltage  appears 
across  the  resistor  and  none  appears  across  thV 
inductor. 


17-53.  When  a  DC  voltage  is  applied  to  a 
pure  resistance,  the  current  is  said  to  rise  im- 
mediately to  its  maximum  value.  But  if  an  in- 
ductor is  placed  in  a  DC  circuit,  the  rise  in  , 
current  through  the  inductor  is  retarded  by  the 
counter  electromotive  force.  The  current  rises 
rapidly  at  first  and  then  gradually  takers  off  to 
its  maximum  value,  as  shown  iri  figure  92,  fold- 
out  7.  An  analysis  off  the  curve  reveals  that  it  is 
exponential  in  nature.  Along  the  horizontal  axis 
of  the  graph,  time  is  divided  into  equal  incre- 
mental units.  In  the  first  incremental  unit  of 
time,  the  current  through  the  inductor  rises  to 
63.2  percent  of  its  maximum  value;  the  current 
must  rise  'an  additional  36.8  -percent  before 
reaching  its  maximum  value.  In  the  second  ^in- 
cremental unit  of  time,  the  cuh^ent  through  the 
inductor  will  rise  another  63.2  percent.  Thus  at 
the  end  of  the  second  incremental  time  period, 
the  current  has  risen  Jo  63.2  +  23.2  =  86.4 
percent  of  'its  maximum  value.  The  inductor 
current  will  rise  63.2  percent  of  the  remaining 
distance  to  the  maximum  value  during  each  in- 
cremental' time  period.  Theoretically,  in  such  a 
progression,  the  current  would  never  reach  a 
maximum  value  because  it  would  always  be 
increasing  63.2  percent  of  the  remaining  distance 
for  each  succeeding  time  period;  but  for  practical 
purposes,  the  inductor  current  is'  considered  to 
have  reached  a  maximum  value  when  five  time 
periods  have  elapsed. 

17-54.  Decay  cycle.  Assume  that  thc^  circuit 
has  been  energized  for  a  long  period  of  time  so 
that  steady  values  of  currents  and  voltages  are 
attained,  as  shown  in  part  A  of  figure  93,  foldout 
7.  If  switch  S  is  now  operated,  the  LR  circuit 
will  be  transferred  from  the  battery  to  the  short 
circuit.  Several  reactions  will  all  occur  simul- 
taneously during  this  instant/  First,' the  applied 
electromotive  force  will  be  removed  from  the  LR 
circuit,  and  the  circuit  current  from  the  battery 
source  will  cease.  Secondly,  Ihe  magnetic  field 
established  by  the  inductor  will  collapse  because 
there  is  no  longer  any  magnetizing  current.  The 
colbpsing  magnetic  field,  howeyer,  induces  a 
voltage  in  the  inductor  winding.  This  new  in- 
duced voltage  will  be  a  new  counter  electromo- 
tive force  induced  in  such  a  direction  as  to  main- 
tain the  same  current*  amplitude  and  direction 
that  it  previously  had.  .The  induced  current  now 
becomes  circuit  current  and,  as  such,  flows 
through  relsistor  R.  As  a  result  of  this  circuit 
current,  a  voltage  is  also  present  across  the  re- 
sistor; refer  to  parts  B  and  C  of  the  figure. 

r7-55.  The  direct  current  through  the  indffctor 
cannot  fall  immediately  to  zero  as  it  wotild  m  a 
purely  Resistive  circSt.  The  self-indu^ion  of  the 
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coil  operates  to  maintain  a  steady  current  flow. , 
Figure  94,  foldout  7,  shows  a  graph  representing 
the  manner  in  which  the  current  decays  witlr 
time  as  it  flows  through  the  LR  circuit.  This 
curve  is  the  inverse  of  that  shown  *in  flgure  92; 
that  is,  it  has  the  same  general  shape,  but  it  is 
decreasing  instead  of  increasing.  The  LR  circuit 
current  decreases  63.2  percent  of  »its  remaining 
•  value  per  incremental  time  period.  This  process 
continues  for  five  equal  increnicntal  time  units.  - 
After  that,  the  current  is  considered  to  be  zero.^ 

17-56.  LR  time  constant.  Thenecurring  63.2 
percent  of  maxinium  rise  or  fall  of  inductor  cur- 
rent in  a  fixed  "unit  <of  time  ts  called  the  time 
constant  of  the  circuit.  The  larger  the  value  of 
inductance,  the  longer  the  unit  of  time  necessary 
for  the  circuit  current  to  rise  to  a  value  that,  is 
63.2  percent  of  its  maximum  value.  The  larger 
the  value  of  the  resistor*  in  ^he  circuit,  the 
smaller  the  final  value  of  circuit  current;  hence, 
a  shorter  *timc  is  required  for  the  same  circuit  to 
reach  the  63.2-pcrcent  point  on  the  curve.  On 
the  basis  ofSIiis  information,  the  LR  time  con- 
stant T,  expressed  in  seconds,  is  equal  to  the 
quotient  of  the  inductance  L  and  the  resistance 
R,  expressed  in  henrys  and  ohms  respectively. 
This  infomiation  is  stated  in  a  mathematical 
equation  as  follows: 


T  = 


seconds 


'  ^  '  17-57.  The  lime  constant  of  a  circuit  is  a 
measure  of  how  rapidly  the  voltages  and  currents 
in  an  Inductance-resistance  circuit  can  respond  to 
changes  in  applied  voltage  or  current  amplitudes. 
A  smalf  lime  constant  permits  the  circuit  to  ad- 
just very  rapidly  to  changes  in  circuit  conditions; 
whereas,  a  large  time  constant  causes  the  circuit 
to  respond  more  slowly.  The  slope  of  the  current 
>  growth-decay  curve  can  be  changed  to  almost' 
any  desired  angle. 

17-58.  Inductive  Circuits— Alternating  Cur- 
rent. Inductors  used  in  alternating-current  circuits 
^  exhibit  the^  same  behavior  as  they  do  when 
placed  in  direct-current  circuits.  One  of  the  rea- 
sons that  they- seem  to  react  differently  is  that 
the  alternating  current  is  continuously  changing 
in  amplitude;  as  a  result,  ^he  inductor  is  never 
permitted  sufficient  time  to  exhibit  the  character- 
istic exponential  behavior  observed  in  direct-cur- 
rent circuits.  In  part  A  of  figure  95,  foldout  7,  a 
sinusoidal  voltage  is  applied  to  a  pure  inductance. 
The  current  through  the  inductor*  also  follows 
the  sinusoidal  voltage,  but  as  you  ft^c  already 
concluded,  there  is  a  delayed  current-vollgge  re- 
lationship. The  delay  between  voltage  and  cur- 
rent'is  called  phase  shift* 


17-59.  By  Kirchhoffs  law  it  is  known  that  the 
algebraic  sum  of  the  voltage  drops  around  any 

•  closed  circuit  is  equal  to  zero.  Thus, 

»  ♦ 

«  E«»»ii«4  =   — HcBur 

17-60:^  Inductive  phase  angle.  In  any  purely 
resistive  circuit,  the  voltage  and  current  are  said 

*  to  be  in  phase.  Figure  96,  foldout  7,'  shows  a 
resistive  circuit  and  illustrates  graphically  t^e  in- 

f  phase  relationship  of  a  sinusoidal  voltage^  and 
current  across  the  resistance.  From  the  graph, 
you  can  see  tha{  the  current  -and  voltage  are 
alternating  together  at  the  same  frequency.  Cur- 
rent rises  as  the  applied  voltage  rises  and  is 
maximum  when  the  applied  voltage  is  maximum. 
Current  decreases  as  the  voltage  decreases  and 
crosses  I'he  zero  axis  at  the  same  time  that  the 
voltage  crosses  t}iat  axis. 

17-61.  In  anj  circuit  containing  both  induct- 
ance ^and  resistance,  there  is  a  90°  phase  shift 
between  the,  voltage  and  current  across  the  in- 
ductance and  no  phase  shift  between  the  voltage 
and  cunent  across  the  resistance.  But  it  must  be 
emphasized  that  in  any  series  circuit,  the  current 
is  the  same  at  ^1  points.  Since  the  current  is  the 
line  of'  reference  for  both  the  inductance  and  the 
resistance,  the  voltage  across  the  resistor  is  in 
phase  with  the  curt-ent  through  the  resistor.  The 
voltage  across  the  inductor  is<90^  out  of  phase 
with  the  current  through  the  inductor,  .»iereforc, 
it  follows  that  the  voltage  across  the  inductor  is 
90°  out  of  phase  with  the  voltage  across  the 
res\stor;  refer  to  part  B.  figure  97,  foldout  7. 
Thiis^  the  action  of  an  alternating  current  injected 
into  a  series  LR  circuit  results  in  two  separate 
voltage  drops  that  are  90"*  out  of  phase  .with 
each  other.  The.  resultant  sum  of  these  two  voltr 
ages  equals  the  total  voltage  drop  in  the  whole 
"  circuit,  and  by  Kirchhoffs  law  is  equal  to  the 
applied  voltage. 

17-62.  The  amount  of  phase  shift  of  current 
and  vidltage  in  such  a  circuit  is  measured,  not 
with  relation  to  the  voltage  across  th?  inductor 
alone  (always  90"^),  but  with  reladon  to  the  ap- 
plied voltage.  The 'applied  voltage  and  the  phase 
angle,  ^,  of  any  LR  circuit  may  be  determined 
^by  means  of  vectors.  In  part  A,  figure  98,  fold- 
'  out  7,  the  voltage  across  the  resistance  is  laid  off 
along  the  horizontal  vector  and  the  voltage 
across  the  inductance  alqng  the  vertical  vector. 
Singe  these  two  vojtages  are  90"^  out  of  phase, 
the  phase  angle  between  thetn  is  a  right  angle. 
By  completing  the  parallelogram,  indicated  by 
the  dotted  lines  in  part  A  of  the  figure,  y6u  can 
see  the  resultantAector^E,  is  the  hypotenuse  of  a 
jtj^hX  triangle.  Then  ^y" the  Pythagorean  theorem 
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E»  =        +  El* 
E  =  VE,'  +  k* 

This  is  tlje  first  of  two  important  relationships  to 
be  derived  from  the  parallelogram  of  forces  laws/ 
17-63.  From  the  previous  discussion,  the  cir- 
cuit current  is  known  to  be  in  phase  with  the 
voltage  across  the  resistance;  therefore,  the  posi- 
tion of  the  current  with  relation  to  the  applied 
voltage  is  the  same  as  vector  Er,  the  voltage 
across  the  resistance.  The  phase  angle,  6y  is  the 
angle  that  the  applied  voltage  vector,  E,  makes 
with  vector  Er,  as  shown  in  part  A  of  the  figure. 
The  angle  d  may  be  measured  in  terms  of  any 
of  its  trigonometric  functions  depending  on  the 
values  known;  however,  the  most  useful  and  con- 
venient is  the  tangent  Substituting  the  voltage  . 
relationships  for  the  more  general  mathematical 
relationships,  the  tangent  of  the  angle  resolves 
into 

tjm    =s   jpt^ctivc  voltage 
resistive  voltage 

Ee 

17-64.  Therefore,  if  the  voltage  across  the  re- 
sistance is  large  with  respect  fb  that  across  the 
inductor/ the  resultant  vector  wi^l  approach  the 
horizontal  vector,  and  the  phase  angle  will  be 
sqiall.  In  a  like  manner,  if  the  voltage  across  the 
resistor  is  small  with  respect'to  the  .voltage  across 
the  inductor,  the  resultant  vector  will  approach 
the  vertical.  In  this  case,  the  phase  angle  will 
appr^pach  90°.  Hence,  the*' preseifce  of  resistance 
in  an  inductive  circuit  causes  the  current  to  lag 
the. applied  vohage  by  some  angle  less  than  90?. 

17-65.  Inductive  reactance,  Xl*  The  ooposi- 
tion  offered  to  a  specific  change  of  current  oy  an 
inductance  is  measured  during  any  given  instant 
in  terms  of  the  counter 'EMF,  the  voltage  that 
opposes  the  applied  EMF.  In  DC  circuits,  how- 
ever, any  opposition  to  current  flow  is  termed 
resistance  and  is  measured  in  ohms.  In  AC  cir- 
cuits, it  is  also  convenient  to  nieasure  inductive 
opposition  in  terms  of  ^ohms  rather  than  in  terms 
of  volts  or  counter  EMF.  This  type  of  alternat- 
ing-current opposition  is  called  inductive  react- 
ance, and  is  assigned  the  symbol  Xl  to  distinguish 
it  from  the  opposition  due  to  a  resistance. 

17-66,  The  Inductive  reactance  equation 

y 

Xl  =  2wiL 

specifies  that  the  inductive  reactance  of  an  in- 
ductor is. equal  to  the  angular  velbcity  of  the 
sinusoidal  waveform  times  the  inductance  of  the 
inductor.  Take  special  notice  of  the  term 
sinusoidal  in  the  previous  statement;  this  equa- 


tion is  valid  i5,  and  only  if,  the  driving  source  is  a 
sine  wave  in  nature.  If  the  AC. waveform*  is  not 
sinusoidal,  this  equation  cannot  be  employed. 

17-67.  Impedance,  In  any  series  circuit  con- 
taining both  inductance  and  resistance,  the  total 
opposition  offered  by  the  circuit  is  not  the  simple 
arithmetic  sum  of  the  inductive  reactance,  Xl, 
and  the  resistance,  R.  The  inductive  r^^ctance 
must  be  added  to  the  resistance  in  a  manner  that 
takes  into  account  the  degree  of  phase  difference 
between  the  two  voltages  in  the  circuit.  The 
applied  voltage,  Er,  can  be  calculated  from  the 
knowledge  ofnhe  component  voltages  El  across 
the  inductance  and  Er  across  the  resistor,  using 
the  relationship  below. 


Et  =  V  El'  -i-  E»» 

These  voltages  can  be  calculated  on  the  basis  of 
IXl  for  the  inductor  arid  IR  for  the  resistor; 
direct  substitutions  of  these  quantities  in  the  pre- 
vious equation  yields 

e;  =  V  (IXl)'  -h  (IR)'  . 

Expansion  and  factoring  produce  the  following 
equations:^ 


Ex  =  VI'Xl'  +  PR* 
=  VP(Xl'  +  R*) 
=  VP  VRMOC? 
=  I VR*  +  Xl* 

The  opposition  which  the  circuit  offers  to  the  flow 
of  electrical  current  is  the  ratio  of  the  voltage, 
Et,  to  the  circuit  current,  I.  , 

-Si.  =  VR*  +  Xl* 

The  symbol  used  to  denote  the  total  opposition 
of  a  circuit. to  the  flow  of  alternating  current  is 
the  impedance  symbol,  Z;  by  substitution,  this 
yields 


Z  =  V  R*  -f  Xl» 

Thus,  the  impedance  of, a  series  LR  circuit  in 
alternating-current  circuit  applications  is  equal  to 
the  square  root  of  the  sum  9f  the  squares  of  the 
resistance  and  the  inductive  reactance. 

17-68.  The  same  result  may  be  obtained  more 
readily  by  means  of  vectors.  The  voltage  across 
tKe  resistance,  Er,  is  equal  to  IR,  and  the  voltage 
across  the  inductor.  El,  is  equal  to  IXl.  Since 
each  vector  represents,  a  product  of  which  cur- 
rent is  a  common  factor,  the  vectors  may  bt 
laid  off  proportional  to  R  and  Xl  and  separated 


by  90®  as  shown  in  figure  99,  foldout  7.  The 
resultant  vector,  Z,  is  the  hypotenuse  of  a  right 
triangle,  and  it  represents  the  impedance 
of  the  circuit,  pven  by  the  relationship 
Z  =  +  Xl^T  Vector  representation  also 
provide^  information  relative  to  the  phase  angle. 
Usually,  the  phase  angle  of  the  circuit  is  calcu- 
lated on  the  basis  of  tl^c  tangent  or  cosine  of 
the  angle  because  this  is  usually  the  type,  of  in- 
formation available  from  the  circuit  itself;  how- 
ever, there  is  no  reason  why  other  trigonometric 
functions  cannot  be  used  just  as  appropriately. 

17-69.  Parallel  LR  Circuits.  Part  A,  figure 
100,  foldout  7,  shows  an  inductance,  L,  and  a 
resistance,  R,  connected  in  parallel  across  an  AC 
source.  In  a  circuit  of  this  type,  the  voltage  across 
the  inductance  is  equal  to  the  voltage  across  the 
resistance,  and  this  voltage  is  the  same  as  the 
applied  voltage.  Therefore,  all  voltages  in  this 
circuit  are  in  phase  with  each  other.  However,* 
the  cunent  through  the  inductance  lags  the  ap- 
plied voltage  by  90*",  and  the  current  through 
the  resistance  is  in  phase  with  the  applied  volt- 
age. Refer  to  part  B  of  the  figure..  Thus,  the 
cunent  in  the  inductance  lags  the  current  in  the 
resistance  by  90*".  The  resultant  current,  or  lini^ 
current,  is  the  vector  sum  of  these  two  currents. 

17-70.  In  part  C  of  figure  100,  foldout  7,  the 
current  through  the  resistance.  In,  is  laid  off  as 
the  horizontal  vector.  The  II  vector  is  laid  off 
in  the  negative  direction  because  this  current  lags 
the  cunent  in  the  resistance.  The  Ir  vector  is 
taken  as  the  reference  vector,  because  it  is  in 
phase  with  the  applied  voltage,  which  is  coni- 
mon  to  both  branches  of  the  circuit.  Now,  as  in 
any  circuit,  the  current  in  the  resistor  is  equal  to 
the  voltage  across  the  resistor  divided  by  the  re- 
sistance. 


In  = 


E 
R 


The  current  in  the  inductor  is  equal  to  the  volt- 
age Across  the  inductor  divided  by  the  inductive 
reactance,  Xl.  It  can  be  stated  mathematically  as 


Il  = 


E 
Xl 


17-71.  The  resultant  vector.  It,  represents  tfte 
total  current  in  the  circuit,  and  the  angle  this 
vector  makes  with  the  horizontal  is  the  phase  an- 
gle. 6,  The  angle  6  is  the  angle  that  the  line  cur- 
rent makes  with  relation  to  the  applied  voltage, 
since,  as  shown  in  part  C  of  figure  100,  foldout 
7,  the  direction  of  the  applied  voltage  is  the 
same  as  that  of  the  vector  In.  By  convention, 
vectors  are  rotated  in  a  counterclockwise  direc- 


tion; since  the  It  vector  follows  the  E  vector,  the 
line  current  is  said  to  lag  the  applied  voltage  by 
the  angle  0. 

17-72.  In  the  analysis  of  parallel  LR  circifits, 
the  reference  vector  is  usually  the  applied  voltage 
vector  instead  of  the  current  ve<:;|lor.  The  reason 
for  this  is  that  the  voltage  across  the  parallel  cir- 
cuit is  the  same  across  .all  branches. 

17-73.  Power  in  Reactive  Circuits.  Power  in 

^  reactive  circuits  has  akeady  been  discussed  in 
the  previous'  section,  that  is,  true  power  versus 
apparent  power  and  power  fictor.  The  principles 
discussed  are  equally  valid  for  inductive  circuits 

'  with  the  exceptions  that  are  to  be  discussed  in 
the  following  fe>j  paragraphs. 

17-74.  When  an' alternating  voltage  is  applied 
to  a  purely  inductive  circuit  element,  the  circuit 
voltage  is  developed  across  the  coil  immediately 
upon  application  of  the  source  energy;  however, 
the  corresponding  coil  current  is  "not  deVeloped 
until  90  electrical  degrees  later.  Reference  to 
part  B  of  figure  101,  foldout  7,  will  show  that 
during  the  first  90"*,  the  voltage  is  increasing  and 
is  positive  in  sign,  +e,  while  the  current  is  de- 
creasing and  is  negative  in  sign,  —  i.  The  rcsult- 

v^^ing  power  developed  can  be  calculated  on  the 
^  following  basis. 

Power  =  (— i)  (+c)  =  -p 

Accordingly,  power  is  being  returned  to  the 
source  as  indicated  by  the  negative  sign.  During 
the  next  90*"  interval,  the  voltage  is  decreasing 
in  value,  but  it  is  ?till  positive  in  sign.  The  cur- 
rent is  Increasing  in  value,  and  its  sign  is  pos- 
itive. Following  the  same  procedure  as  before, 
the  calculation  yields 

.  Power  =  (+i)  (+c)  =  +P 

,  The  result  indicates  that  power  is  being  absorbed 
from  the  source.  Thus,  the  inductive  power  curve 
has,  both  positive  and  negative  loops.  Com- 
parison of  the  capacitive  power  curv^  with  the 
inductive  power  curve  shows  that  the  two  curves 
are  opposed  to  each  other. 

17-75.  LCR  and  Resonant  Circuits.  In  pre- 
vious s^tions  of  this  chapter,  the  fundamental 
properties  of  resistive,  capacitive,  and  inductive 
circuits  were  discussed  to  show  their  behavior  (a) 
as  pure  circuit  elements  and  (b)  as  circuit 
elements  in  combination  with  a  resistance.  A 
knowledge  of  the  principles  of  these  circuit  ele- 
ments is  especially  important  to  an  understanding 
of  this  section;  therefore,  it  is  important  for  you 
to  review  sthese  principles  before  attempting  to 
understand  this  portion  of  the  text. 
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17-76.  The  four  basic  relationships  between 
voltage  and  current  are  itemized  as  follows: 

a.  The  current  flowing  through  a  resistance  is 
^         in  phase  with  the  applied  voltage. 

b.  The  current  Sowing  through  an  inductance 
or  a  capacitance  is  out^of  phase  with  the 
applied  voltage. 

c.  The  current  flowing  through  an  inductance 
lags  the  applied  voltage  by  90®. 

d.  The  current  flowing  through  a  capacitance 
leads^e  applied  voltage  by  90*. 

17-77.  LCR  circuits.  All  circuit  elements  pos- 
f  sess  some  distributed  characteristics.  For  exam- 
ple, a  resistor  n^r  contains  pure  resistance  with- 
out some  traces  of  inductance  and  capacitance. 
The  discussion  of  inductance  and  inductive  cir- 
cuits deflnitely  indicated  that  a  certaia  amount  of 
resistance  and  capacitance  are  unavoidably  pres- 
ent in  an  inductor.  By  the  same  token,  a  cer- 
tain amount  of  resistance  and  inductance  is  pres- 
ent in  a  capacitor.  Therefore,  circuit  elements 
are  never  pure  entities  in  themselves;  they  always 
contain  their  primary  or  lumped  characteris- 
tic, which  dominates  the  circuit,  and  small  dis- 
tributed characteristics  in  trace  amounts.  De- 
pending upon  the  nature  of  a  particular  circuit 
and  its  application,  the  distributed  characteristics 
are  accounted  for  in  a  circuit  by  including  the 
symbol  of  the  distributed  element  as  a  lumped 
constant  within  the  equivalent  circuit.  An  induc- 
tor, for  example,  contains  distributed  capaci- 
tance and  resistance.  The  resistance  is  present, 
no  maUer  what  frequency  is  applied;  hence,  you 
must  account  for  the  resistance  of  the  coil  by 
including  an  imaginary  lumped  resistance  in 
series  with  the  inductor  winding  for  calculation 
purposes.  The  frequency  of  the  input  voltage  or 
current  determines  the  importance  of  the  distrib- 
uted capacitance  of  the  coil;  for  higher  frequen- 
cies, this  factor  cannot  be  ignored.  Distributed 
capacitance  can  be  accounted  for  by  placing  a 
capacitor  in  series  with  the^  coil.  The  capacitance 
value  must  be  equal  to  the  distributed  capaci- 
tance of  the  coil. 

17-78.  From  your  studies  of  the  two  previous 
sections,  you  should  recall  that  an  inductor  causes 
the  circuit  current  to  lag  the  applied  voltage, 
while  a  capacitor  causes  the  current  to  lead  the 
applied  voltage.  It  is  reasonable  to  expect  that 
an  interchange  of  electrical  forces  will* cause  a 
certain  amount  of  cancellation  between  leading 
and  lagging  currents  and  thereby  produce  no  pre- 
dominant characteristic.  This  characteristic  will 
be  either  leading  or  lagging,  depending  upon  the 


relative  values  of  the  inductor  with  respect  to 
both  the  capacitor  aiid  the  frequency  of  the 
source  voltage.  Assuming  that  a  capacitor  and 
an  inductor  are  present  in  a  given  circuit  and 
assuming  that  the  reactance  of  the  capacitor  is 
smaller  than  the  reactance  of  the  inductor,  the 
reactance  of  the  capacitor  will  cancel  an  equal 
amount  of  inductive  reactance.  This  leaves  the 
remaining  inductive  reactance  in  control  of  the 
circuit  current.  In  a  series  circuit,  the  current  is 
always  goveraed^by  the  circuit  element  that  has 
the  largest  impedance. 

17-79.  When  you  are  analyzing  LCR  circuits, 
remember  that  resistances  can  only  be  directly 
added  to  or  subtracted  from  resistances;  likewise, 
reactances  can  only  be  directly  added  to  or  sub- 
tracted from  reactances.  At  no  time  can  resist- 
ance and  reactance  be  added  together  without 
taking  the  phase  angle  into  consideration;  hence, 
reactance  and  resistance  can  be  added  together 
only  in  quadrature.  In  relation  to  the  preceding 
paragraph,  this  means  that  when  analysis  of 
LCR  circuits  is  required,  the  capacitive  reactance 
is  always  subtracted  from  any  inductive  reactance 
contained  in  that  branch  of  the  circuit.  The  re- 
sulting reactance  is  then  added  in  quadrature  to 
the  resistance  of  the  circuit  to  obtain  the  circuit 
impedance. 

17-80.  Resonant  circuits.  Suppose  that  a  var- 
iable-frequency generator  and  a  suitable  indicat- 
ing device  are  connected  to  an  LCR  circuit, 
which  may  be  either  a  series,  parallel,  or  series- 
parallel  circuit.  As  the  frequency  of  the  genera- 
tor is  changed,  there  will  be  one  frequency  that 
will  tend  to  highly  accentuate  either  the  circuit 
current  or  the  circuit  voltage  distribution.  The 
circuit,  at  that  single  frequency,  is  termed  a  reso- 
nant circuit,  and  the  frequency  creating  th.e  ac- 
centuation of  voltage  or  current  is  called  the  res- 
Gfiant  frequency.  Both  condition^  must  exist 
simultaneously  for  resonance  to  occur;  that  is,  no 
circuit  can  be  considered  resonant  unless  the  res- 
onant frequency  is  aiq)lied  to  the  circiu^  The 
frequency  of  the  generator  is  never  the  resonant 
frequency  unless  it  is  applied  to  a  circuit  that  is 
resonant  at  that  frequency.  *  If  any  other  fre- 
quency is  applied  to  the  circuit,  the  circuit  will 
not  exhibit  resonant-frequency  characteristics.  If 
the  circuit  is  energized  by  the  resonant)  fre- 
quency, and  if  any  of  the  reactive  circuit  elements 
is  changed,  the  circuit  will  ^no  longer  be  res- 
onant, and  the  generator  frequency  will  no 
longer  be  the  resonant  frequency  of  the  circuit. 

17-81.  Conditions  for  resonance.  The  reactive 
circuit  elements  are  responsible  for  the  condition 
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kApvvQ:  as  resonance.  Resonance  occurs  at  the  This  relationship  indicates  that  the  phenomenon 

frequency  that  causes  the  inductive  reactance  of  of  resonance  is  unaffected  by  the  type  of  circuit 

the  .circuit  to  be  exactly  equal  to  the  capacitive  in  which  the  inductor  and  capacitor  are  located, 

reactance  of  the  circuit;  mathematically  whether  in  a  series,  parallel,^  or  serics- 

Xl  =  Xo  parallel  circuit.               .  ^ 
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CHAPTER    7  /C/ 


\ 

Solid  State  Control  Circuits 


IN  CHAPTER  6  you  studied  ccrtjun.  principles 
and  laws  pertaining  to  electrical /circuits.  In 
this  chapfer,  these  principles  will  b/  used  to  ex- 
plain the  operation  of  magnetic  devices,  semicon- 
ductors, and  related  circuitry. 

2.  liie  magnetic  device^  we  discuss  are  mag- 
netic amplifiers  and  transformen.  "Mag  amps," 
the  common  term  for  magnetic  amplifiers,  are 
covered  from  the  construction  and  theory  of  op- 
eration point  of  view;  plus,  'an  application  of  a 
"mag  amp"  operating  in  a  simple  voltage  regu- 
lator circuit  is  shown. 

.  3.  Of  the  many  solid-state  devices  in  use  to 
day,  the  aircraft  electrician  is  mainly  concerned 
with  crystal  diodes  and  transistors.  The  discus- 
sion will  be  directed  towards  basic  operation  and 
application  of  these  devices. 

IS.  Mogmtic  D#vic«t 

18-1.  For  many  years,  engineers  have  used 
magnetic  devices  in  the  control  and  transfer  of 
energy  in  electrical  systems.  However,*  these 
magnetic  devices  have  usually  been  large  and 
used  only  in  commercial  power  production  sys- 
tems. With  the  advent  of  power  systems  for 
aircraft,  magnetic  devices  have  been  refined  and 
reduced  in  size  and  are  now  used  as  voltage  and 
frequency  control  units.  Magnetic  devices  have 
proven  to  be  more  reliable  and  require  less  power 
to  operate  than  voltage  and  frequency  units  that 
use  electron  tubes.  As  aircraft  electrical  systems 
are  improved,  more  and  more  magnetic  de- 
vices will  be  used. 

18-2.  Cert£un  fundamentals  must  be  explained 
before  discussing  niagnetic  devices,  and  we 
^will  start  with  magnetic  circuits.  Magnetic  cir- 
cuits are  comparable  to  electron  circuits;  there- 
fore, a  good  knowledge  of  electron  theory  will 
be  a  great  help  toward  your  understanding  mag- 
netic circuits. 

18-3.  Magnetk  Cinmlts.  The  laws  that  apply 
to  a  magnetic  circuit  are  similar  to  the  laws  that 
apply  to  an  electric  circuit.  It  has  been  shown 
previously  in  this  volume  that  magnetic  flux 


forms  closed  loops.  The  path  that  magnetic  flux 
follows,  either  through  air  or  through  a  magnetic 
material,  is  called  the  magnetic  circuit. 

18-4.  In  order  to  produce  an  electric  current, 
a  vohage  (electromotive  force)  is  required.  Sim- 
ilarly, to  produce  a  magnetic  flux,  a  force  known 
as  magnetomotive  force  (MMF4-  is  required. 
For  a  given  electromotive  force  (EMF),  the 
amount  of  current  that  flows  in  an  electric  circuit 
depends  on  the  amount  oJ  resistance  in  the  cir- 
cuit. Similarly,  a  magnetic  circuit,  for  a  given 
mmf,  the  amount  of  flux  produced  depends  on 
the  amount  of  reluctance  in  the  cir<;uit.  It  is  evi- 
dent that  in  both  the  magnetic  circuit  and  the 
electric  circuit  the  relationship  expressed  in  this 
statement  is  true.  The  result  produced  is  directly 
proportional  to  the  force  that  produced  it  and 
inversely  proportional  to  the  opposition  encourt'^ 
tered. 

18-5.  This  statement  can  be  expressed  for  the 
electric  circuit  as 


Current  (I)  = 


electromotive  force  (EMF) 
resistance  (R) 


and  for  the  magnetic  circuit  as  , 

_   magnetomotive  force  (MMF) 
reluctance 

18-6.  So  far,  we  have  discussed  the  similari- 
ties between  magnetic  circuits  and  electric  cir- 
cuits. There  are,  however,  several  important  dif- 
ferences that  we  must  consider.  The  resistance, 
is  a  consfant  in  an  electric  bircuit  and  can  be 
determined  by  the  ratio  of  the  voltage  to  the  cur- 
rent (discounting  the  heating  effect).  The  reluc- 
tanfce,  however,  is  not  a  constant  in  a  magnetic 
circuit  but  depends  on  the  flux  (strength  of  the 
field). 

18-7.  Another  important  difference  between 
an  electric  circuit  and  a  magnetic  circuit  is  that 
a  current  flows  in  the  electric  circuit  as  the  elec- 
trons move  from  one  point  to  another  point.  The 


107 


ERLC 


113 


Figure  lOZ   Hysteresis  loop. 

flux  does  not  move  in  the  magnetic  circuit  but  is 
merely  an  indication  of  the  direction  and  intensity 
of  the  magnetic  field. 

18-8.  When  we  discuss  magnetic  circuits,  we 
must  consider  hysteresis  and.  its  effect  on  mag-  * 
netic  circuits. 

18-9.  Hysteresis.  When  a  piece  of  iron  is  - 
magnetized,  considerable  energy,  is  expended  in 
lining  up  the  magnetic  molecules  in  the  iron  in  a 
definite  pattern.  For  a  given  iron  core,  the  flux 
density  increases  along  the  curve  OA  as  the  mag- 
netizing fc^ce  is  increased,  as  shown  in  fig- 
ure 102.  What  happens  when  the  magnetizing 
force  is  decreased  to  zero?  The  flux  density  docs 
not  decrease  along  the  AO  curve  to  zero  but  de- 
creases more  slowly  along  the  curve  AC.  As 
shown  in  figure  102,  when  the  magnetizing  force 
reaches  zero,  a  certain  value  of  flux  density  re- 
mains (OC).  This  is  caiSed  by  the  residual 
magnetism.  In  other  words,  the  iron  continues 
to  be  a  magnet  even  after  the  magnetizing  force 
is  removed.  If,  at  this  point,  the  magnetizing 
force  were  reversed,  the  field  intensity  would  be 
in  the  opposite  direction,  but  the  flux  density 
would  have  the  same  polarity  as  liefore  because 
of  the  residual  magnetism.  Now,  increasing  the 
magnetizing  force  gradually  reduces  the  flux  den- 
sity along  the  curve  CD  to  zero  at  point  D 
in  figure  102.  It  requires  a  magnetizing  force  of 
OD  to  reduce  the  flux  density  to  zero.  Force  OD 
is  called  the  coercive  force. 

18-10.  As  the  magnetizing  force  continues  to 
increase,  the  iron  core  becomes  magnetized  along 
DE  (fig.  102)  in  a  direction  opposite  to  its  orig- 
-inal  magnetization  (OA).  At  point  E,  the  miag- 
oetizing  force  is 'again  decreased  to  zero.  The 
flux  density  decreases  more  slowly  along  the  line 
EF.  By  the  time  the  magnetizing  ^force  reaches 
zero,  the  flux  density  has  a  value  of  OF,  which 
is  equal  to  OC  (fig.  102).  This  is  due  to  the 


residual  magnetism  in  this  direction.  As  the  mag-^ 
netizing  force  is  again  increased  in"  the  original 


direction,  the  flux  density  decreases  along  the 
curve  FG  to  2<tro.  If  the  xHagnetizing  force  con- 
tinues to  increase,  the  flux  densitv  follows  the 
path  GA.  ' 

18-11.  Note  that  the  flux  density  of  the  iron 
core  does  not  become  zero  each  time  the  mag- 
netizing force  becomes  zero.  A  coercive  force  is 
necessary  to  reduce  it  to  zero.  This  16gging  of 
the  magnetic  flux  behind  the  magnetizing  force 
that  produced  it  is  known  ^  as  ftysteresis.  In  fig- 
ure 102,  the  entire  curve  ACDEFGA  is  known 
as  the  hysteresis  curve.  ■ 

18-12.  When  the  magnetism  of  an'  electro- 
magnet is  reversed  rapidly,  as  in  an  alternating 
current  arcuit,  the  iron  core  becomes  heated,  and 
considerable  energy  is  wasted  in  producing  this 
heat.  This  loss  is  called  hysteresis  loss  and  can 
be  considered  as  a  land  of  molecular  friction 
caused  by  the  reversal  of  the  magnetic  molecules 
which  iron  and  other  magnetic  matenals^possess. 

18-13.  Boric  magnetic  amplifier.  The  output 
voltage  of  many  AC  generators  is  controlled  by 
a  magnetic  amplifier  type  .of  voltage  regulator. 
The  magnetic  amplifier  is  a  relative  simple  de- 
vice. The  construction  consists  of  two  or  more 
coils  wound  around  a  circular  iron  core. 

18-14.  Magnetic  amplifier \  cores  are  usu^dly 
ferromagnetic  material.  This  Material  reacts  to  a 
magnetizing  force  very  quickly;  also,  ferromag- 
netic materials  become  totally  magnetized  as  a 
result  of  a  small  magnetizing  force.  Therefore,  a 
ferromagnetic  core  is  ideal  ^or  magnetic  ampli* 
fier  operation  because  the  core  reac^  quickly, 
and  a  small  force  is. needed  to  realize  total  re- 
action, f 

18-15.  The  c(m1s  around  a  core  are  named  by 
their  function.  Inpuk  or  control  windings  deter- 
mine the  level  of  flux  density  within  the  core. 
Output  of  load  windings  determine  current  flow 
from  a  generating  source  to  a  load. 

18-16.  Once  a  core  has  been  magnetized  to 
its  maximym  value,  any  additional  increase  in 
the  magnetizing  force  will  not  increase  the  level 
of  flux  density.  This  point  is  saturation — point 
A  or  B  on  figure  102. 

18-17.  Pitting  an  the  above  parts  together,  a 
sequence'  of  reactions  with  a  magnetic  amplifier 
would  go  like  this. 

•  The  control-winding  current  establishes  the 
flux  density  level  in  the  core. 

•  The  core  reacts  to  an  AC  current  in  the  load 
^ding  according  to  the  level  of  flux  density. 

•  The  generating  source  feels  the  load  wind- 
ing plus  the  load  and  delivers  the  appropriate 
current  flow. 


18-18.  The  key  to  the  whole  operation  is  the 
level  of  flux  density.  Recall  the  area  in  the  last 
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chapter  concerning  inductors,  CEMF  was  devel- 
oped » an  inductor  whenever  the  lev^jl  of  flux 
density  was  increasing  or  decreasing.  At  this 
point,  we  are  inserting  the  condition  of  a  con- 
trolled level  of  flux  density  which  limits  CEMF 
and  in  turn,  limits  the  oppositton  the  load  winding 
can  crffer  the  g^crating  source. 

18-19.  To  more  fully  understand  the  operation 
of  a  basic  magnetic  amplifier,  an  example 
will  be  used.  Look  at  figure  103,  part  A.  The 
control  winding  is  connected  to  jsl  DC  power 
source  and  a  variable  resistor.  The  load  winding 
is  connected  to  an  AC  power  source  and  a  light 
bulb.  The  objective  is  t«  control  the  intensity 
of  the  light  bulb,  using  the  variable  resistor. 

•18-20.  The  initial  conditions  are  that  the  DC 
power  source  remains  constant,  the  AC  power 
source  remains  constant,  the  variable  resistor  is 
set  at  minimum  resistance,  and  the  current  flow 
in  the  control  winding  is  sufficient  to  produce 
saturation  of  the  core. 


18-21.  The  generating  source  feels  no  react- ^ 
ancc  in  the  load  winding  and  delivers  maximum 
current  flow  to  the  lamp.  Thc^  intensity  of  the 
lamp  is  very  bright.  ' 

18-22.  Sliding  the  wiper  of  the  variable  thesis- 
tor  from  no  resistance  to  full  resistance  will  be 
accompanied  by  a  decrease  in  the  inte!isity  of 
the  lamp.  As  the  current  through  the  control 
winding  decreases,  the  level  of  flux  density  de- 
creases. Reactance  can  now  be  !elt  in  the  load 
winding  and  the  AC  generating  source  adjusts 
its  current  accordingly.  This  example  is  not 
usable  for  controlling  voltage  outputs  of  genera- 
tors, but  the  operation  shown  by  this  example  il- 
lustrates the  theory  of  magnetic  amplifiers.  If 
we  control  the  level  of  flux  density,  we  can  con- 
trol the  reactance  within  the  load  winding;  result, 
we  can  control  current  flow  from  the  generating 
source  to  the  load. 

18-23.  Simple  magnetic  amplifier.  Now  that 
you  are  familiar  with  the  principles  of  a  magnetic 
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Figure  103.   Basic  magnetic-amplifier  circuiu. 
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amplifid:,  let  us  discuss  a  more  practical  §mpli-' 
ficr,  such  as  that  shown  in  figure  103,  part  B. 

18-24.  First,  let  us  assign  some  valu&  to,  the 
circuit  and  see  what  happens  when  the  DC  in 

—the  control  coil  L2  is  varied.  For  simplicity,  as- 
sume that  coil  L2  has  an  input  range  variable 
from  0  to  30  milliampercs;  but  the  potentiom- 
eter is  set  at  midrange,  or  15  milliaraptr^ts.^  The 
core  is  ^magnetized  to  the  p6int  where  ;1  ampere 

'  input  to  coil  LI  results  in  only  0.25  ampere  cJiA- 
put  acaross  the  load.  :What  happens  if  the  output 
of  the  control  coil  L2'  is  increased  while  the  AC 
input  remains  the  same?  mcreasing  the  flux 
of  the  core,  the  inductance  (and  therefore  the 
reactance)  of  coil  LI  w^U  decrease  and  the^  out- 
put of  coil  LI  will  increase  although  the  input 
to  the  amplifier  remains  the  same.  K  the'^DC 
in  the  control  coil  L2  is  decreased,  the  amount 
ot  flux  in  the  coil  is  also  decreased.  This  means 
that  the  reactance  of  coil  LI  is  increased  and 
less  current  will  flow  to  the  load,  even  though 
the  input  to  the  ampliffer  remains  constaiftt.  Thus, 
by  varying  the  output  of  the  control  ^Vi.nding, 
"the  output  of  the  amplifier  may  be  increased  or 

^  decreased  by  decreasing  or  increasing  the  react- 


-  ance  of  the  coil  even  when  the  input  is  held  at  a 
constant  value.  This  type  of  magnetic  amplifier 
may  also  be  called  a  saturable  reacldrrssince  the 
reactance  of  the  coil  is  determined  by  thj  degree 
of  saturation  of  the  core. 

18-25.  The  term  "amplifier"  as  used Nk^e  is 
something  of  a  misnomer.  Nothing  is  really  am-^ 
plificd.  The  word  "amplifier"  really  denotes  the 
control  of  substantial  amounts  of  pq^er  by  rela- 
tively small  voltage  or  current  signals. 

18-26.  Magnetic  Amplifier  Voltage  Regulator. 
Earlier  in  this  section  it  was  mentioned  that  one 
uOf  the  uses  of  a  magnetic  amplifier  was  in  voltage 
regulating  circuits.  Although  voltage  regulators 
are  covered  in  greater  detail  later  in  this  course, 
right  now  it  is  important  that  you  learn  the  appli- 
cation of  a  complete  mag-amp  circuit  as  used  in 
some  voltage  regulators. 

18-27.  So  far,  we  have  considered  only  dr- 
jt  cults  in  which  the  input  and,  by  .implication,  the 
load  were  held  at  constant  values.  To  see  the 
effect  of  varying  inputs  and  varying  loads,  ex- 
amine figure  104.  Note  that  several  additional 
windings  have  been  added  to  the  coil,  and  there 
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Figure  l'05.   Mutual  inductauce. 

arc  two  separate  coils  which  ajre  referred  to  ^as 
the  first  stage  and  the  second  stage  of  amplifica* 
tion.  Let  us  begin  with  the  sensiog  winding.  In 
this  circuit  the  sensing  winding  is  abo  the  control 
winding  for  the  Srst  stage  of  amplification.  The 
first  stage  sensing  windmg  is  connected  to  one  of* 
the  AC  generator  phase  leads  and  receiyes  a 
signal  proportional  to  the  AC  value  in  that  lead. 
Note  that  the  voltage  reference  unit  is  also  con- 
nected to  the  AC  generator  phase  lead.  Its  pur* 
pose  i^o  maintain  a  constant  ref^ence  signal 
over  a  ^Si^ange  of  generator  output.  The^  ref- 
erence signa^Ss  compared  magnetically  witft  the 
sensing,  and  the^esultant  value  of  magnetic  flux, 
which  is  called  gei^erator  error,  controls  the_  first 
stage  output. 

18-28.  The  output  of^e  first  stage  is  used 
to  power  the  control  winding  of  the  second  stage 
and,  thereby,  control  the  second  stage  output  to 
the  load.  (Later  in  this  course  you  will  find  that 
the  load  refers  to  the  exciter  field  of  the  genera- 
tor.) The  first  stage  magnetic  amplifier  uses 
additional  windings  which  assist  in  the  control 
of  output  circuit. 

18-29.  The  first  stage  output  is  fed  into  a  sec- 
ond stage  DC  control  winding,  which  is  com- 
pared to  the  bias  signal.  The  bias  circuit  is  very 
similar  to  the  reference  circuit  except  that  the  bias 
circuit  signal  is  variable  and  is  proportional  to  the 
voltage  in  the  AC  generator  phase  lead.  The 
magnetic  ivsultant  bias  and  the  first  stage  output 
signals  control  the  second  stage  outplit  voltage. 
The  second  stage  is  called  the  power  stage,  and  it 
supplies  the  DC  power  to  the  load.  The  amount 
of  DC  power-  supplied  to  the  load  determines 
the  level  of  output  voltage  of  the  AC  generator. 

18-30.  To  help  maintain  system  stability,  the 
feedback  circuit  shown  in  the  illustration  takes 
^a  rate-of -change  signal  from  the  second  stage  out- 
put and  feeds  it  into  a  control  winding  of  the 
first  stage.  This  signal  is  in  such  a  direction  as 
to  oppose  any  change  that  occurs  because  of 


transient  load  conditions.  The  feedback  circuit 
may  be  thought  of  as  a  stabilization  circuit  used 
to  prevent  overcontrol  of  the  circuit.  Any  time 
there  is  a  change  in  the  output  of  the  second 
stage,  it  will  be  sensed  by  the  feedback  circuit 
Part  of  the  change  is  sent  back  to  the  first  stage 
where  it  has  a  damping  effect  on  the  first  stage 
output.  Since  the  first  stage  output  detennines 
the  second  stage  output,  this  damping  effect  pro- 
vides protection  against  fluctuating  output  volt- 
ages in  the  second  stage. 

18-31.  Additional  damping  is  provided  by  the 
coupling  circuit  between  the  first  and  second 
stages.  The  inductor  shown  in  the  illustration 
senses  a  rate-of-change  signal.  A  sudden  in- 
crease or  decrease  of  the  load  connected  to  the 
second  stage  will  immediately  create  a  signal  in 
the  winding  that  opposes  the  change,  and  thus 
tend  to  damp  it  out.  A  slow  increase  or  decrease 
will  usually  not  affect  the  coupling  circuit. 

18-32.  Another,  use  for  magnetic  amplifiers 
is  in  frequency  control  .units.  Since  there  are 
many  factors  that  must  be  considered  in  these 
circuits,  such  as  the  relationship  between  g^ra- 
ton  operating  in  parallel  and  the  effects  of^^- 
equal  load  ^division  among  them,  it  will  behest 
to  discuss  these  units  in  the  section  on  AC  gen- 
erator systems.  That  section  will  also  discuss 
more  cotnplex  voltage  regulator  systems  in  detail. 

18-33.  Transformers*  There  is  a  need  for 
many  different  voltages  in  modem  airplanes. 
Theiange  of  these  required  voltages  varies  from 
3  ydts  up  to  1000  volts^or  more.  With  a  direct- 
current  system,  these  higher  voltages  are  almost 
impossible  to  obtain,  so  other  means  ha\e  been 
devised  to  obtain  them.  To  have  a  separate 
.  source  of  electrical  energy  for  each  of  the  various 
voltages  required  would  result  in  an  extremely 
complex  power  distribution  and  control  system. 
For  this  reason,  the  primary  power  system  voltage 
used  in  airplanes  today  is  somewhere  bit^^e^n 
the  maximum  and  minimum  requirements  of  the 
equipment  installed.  The  voltage  is  modified  by 
one  of  several  means  to  obtain  the  specified  volt- 
age for  each  piece  of  equipment.  Where  the 
principal  source  of  electrical  energy  is  a  direct- 
current  generator,  lower  voltages  are  obtained 
by  placing*  resistance  in  series  with  the  equip- 
ment to  be  operated.  The  value  of  these  resistors 
is  carefully  determined  so  that  the  correct  amount 
of  current  reaches  the  operating  unit  at  its  normal 
operating  voltage.  The  difference  in  voltage  .be- 
tween the  source  voltage  and  that  at  the  operat- 
ing unit  is  dissipated  by  the  resistor  m  the  form 
of  heat  energy,  which,  for  all  practical  purposes, 
represents  a  power  loss.  Where  a/  higher  DC 
voltage  is  desired,  the  low-voltage  DC  is  used  to 
drive  a  motor,  which,  in  turn,  drives  a  small 
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bigb-^voltage  DC.  generator.  In  this  transforma- 
tion, there  are  substantial  power  losses,  because 
no  mechanical  device  can  be  fri(^tioaless  and  no 
machine  is  100  percent  efficient.  Then,  too, 
there  is  alwayl  the  problem  of  insulation  on  the 
rotating  member  of  a  high-voltagc  DC  generator 
and*  the  possibility  of  failure  at  an  inopportune 
moment.  Practical  electrical  power  installations 
today  use  one  or  more  sources  of  alternating 
voltage.  By  using  some  of  the  electrical  prin- 
ciples covered  in  the  preceding  areas,  the  voltage 
is  changed  to  another  value  by  a  .transformer 
\yhenever  a  voltage  other  than  source  voltage  is 
required.  ' 

18-34.  Operation.  A  transformer  is  basically 
a  device  that  makes  possible  the  transfer  of  elec- 
trical energy  from  one  circuit  to  another.  A  trans- 
former does  n^t  change  the  form  of  the  applied 
energy,  but  it  is  capable  of  changing  the  values 
of  the  transferred  current  and  voltage  to  different 
values.  From  the  study  of  elcctromagnetism  and 
inductance,  you  learned  that  a  wire  or  coil  in 
which  a  current  flows  has  a  magnetic  iBeld  about 
it,  and  you  also  learned  that  the  amount  of  cur- 
rent determines  the  relative  strength"  of  that  mag-  * 
netic  field.  You  also  learned  that  if  the  magnetic 
field  cuts  through  a  conductor^  a  voltage  will  be 
induced  in  the  conductor.  These  are  t^  basic 
principles  involved  in*,  transformer  operation; 
hence,  it  is  essential  that  you  thoroughly  under- 
stand thci;^.  For  this  reason  let  us  begin  with  a 
brief  review  of  mutual^  induction  and  the  princi- 
ple of  transformer  operation., 

18-35.  If  we  have  two  straight  conductors  par- 
allel to  each  other,  magnetic  field  caused  by 
a  current  flowing  through  one  circuit  moves 
across  the  second  conductor  inducing  a  voltage 
in  it  The  first  circuit  is  called  the  primary  (p), 
since  it  is  from  this  source  that  the  magnetic 
field  is  produced.  The  secdnd  circuit  is  called 
the  secondary  (s),  because  it  is  the  circuit  in 
which  the  voltage  is  being  induced. 

18-36^  When  a  cuxtcni  begins  to  flow,  build- 
ing up  rapidly  in  magnitude  from  zero  to  its 
maximum  value,  it  produces  a  rapdly  expand- 
ing^ magnetic  field  about  the  primary.  Again,  it 
is  important  to  remember  that  motion  is  neces- 
sary to  induce  a  voltage.  The  motion  in  this 
case  ;s  the. expanding  fielc}  which  cuts  across  the 
secondary,  mducing  a  voltage  in  it, 'as  shown  in 
figure  105.  This  induced  voltage,  however,  is 
an  instantaneous  action.  When  the  current  in 
the  primary  reaches  its  maximuHp  value,  the  re- 
sultant magnetic  field  is  at  its  maximum  strength, 
and  the  magfnetic  field  at  this  time  is  .neither 
expanding  nor  collapsing.  Thus,  the  flux  is  not 
moving  in  relation  to  the  secondary  winding,  and 
no  voltage  is  being  induced  in  the  secontlary  at 


this  time.  This  does  not  mean  that  the  magnetic 
field  is  not  present.  The  field  is  still  there,  since  * 
it  is  being  sustained  by  the  curreiit  flow  in  the 
primary.  As  long  as  the  current  flows  at  a  steady 
rate,  the"  flux  will  be  maintained  at  a  steady 
strength,  which  results  in  no  field  motion  and 
no  induced  voltage  m  the  secondary. 

18-37.  At  this  point,  you  should  consider  sev- 
eral facts^  about  the  polarity  relationship  between 
the  primary  and  secondary  circuits.  The  instan- 
taneous voltage  that  is  induced  in  the  secondary 
is  of  opposite  polarity  to  the  voltage  of  the  pri- 
mary. This  fact  has  been  discussed  in  the  chapter 
on  inductance. 

18-38.  What  action  would  you  expect  if  the 
primary  circuit  were  suddenly  opened?  When  the 
circuit  is  broken,  primary  current  must  stop.  The 
primary  magnetic  field,  which  is  dependent  upon 
the  primary  current,  must  (ioUapse,  and  in  doing 
so,  must  once  again  move  across  the  secondary. 
Since  the  field  is  moving  aaoss  the  secondary 
wire  in  the  opposite  "direction,  the  induced  vplt- 
age  must  now  be  of  opposite  polarity  from  what 
it  was  during  buildup. 

18-39.  From  this,  it  can  be  seen  that  a  trans- 
former would  be  of  little  value  if  DC  were  ap- 
plied to' the  primary,  since  a  voltage  would  be 
induced  only  when  the  circuit  was  completed  or 
interrupted.  On  the  other  hand,  if  a  pulsating 
DC  or  AC  were  applied  to  the  f)riniary,  the 
magnellfc  field  would  be  constantly  building  up 
and  collapsing,  thus  continually  inducing  a  volt- 
age in  the  secondary. 

18-40.  This  method  of  transferring  electrical 
energy  from  one  circuit  to  another  is  known  as 
mutual  induction.  As  a  transformer,  a  single 
straight  length  of  wire  would  be  a  poor  device 
for  the  transfer  of  power.  The  magnetic  field 
about  a  straight  conductor  is  weak,^d  the  sec- 
ondary would  offer  only  a  short  length  of  wire 
in  which  to  induce  a  voltage.  If  both  the  prim^^ 
and  secondary  were  wound  as  coils,  the  trans- 
ferred voltage  would  be  greatly  increased.  Even 
yvith  this  refinement,  however,  the  transformer 
would  still  not  operate  at  maximum  efficiency. 
With  an  airgap  between  the  coils,  all  the  flxxi 
that  builds*  up  about  the  primary  would  not  cut 
across  the  secondary.  The  flux  losses  jn  this  ar- 
rangement, referred  to  as  flux  leakage,  would  act 
to  reduce  tKe  efficiency  of  the  transformer.  To 
reduce  flux  leakage,  a  suitable  core  material  such 
as  iron  can  bTmscrted  between  the  coils  to  pro- 
vide a  low  reluctance  path  for  the  magnetic 
lines  of  force. 

18-41.  Transfonncr  Construction*  The  ab- 
sence of  moving  parts  in  the  construction  of  a 
transformer  makes  it  a  remarkably  efficient  de- 
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Figure  106.  Typical  power  tnnsfonncr. 


vice.  WhOT  moving  parts  are  eliminated  from  a 
device,  mechanical  friction  (which  is  a  major 
cause  of  power  losses)  is  eliminated. 

18-42.  Transformers  are  designed  to  keep 
electrical  power  losses  to  as  small  a  value  as 
possible.  These  losses  may  .  be  divided  into  two 
classes,  iron  and  copper  losses.  ^ 
^  18-43.  Iron  losses.  Iron  losses  that  occur  in 
the  core  of  a  transfqgrmer  are  caused  by  hysteresis 
and  eddy  currents,  both  of  which  have  been 
mentioned  previously.  -  Both  factors  produce 
beat  and  represent  losses  that  act  to  reduce  the 
power  output  of  the  transformer. 

I^i44.  The  fint  factor  to  be  considered  is  the 
loss  caused  by  hysteresis.  Hysteresis  in  an  iron 
core.!means  that  the  magnetic  flux  or  lines  of 
force^  lag  behind  the  magnetizing  force  that  is 
causiiig  them.  Friction  is  caused  by  the  mole- 
cules trying  to  aline  themselves  with  a  constantly 
changing  magnetic  field  that  is  produced*  by 
changes  in  the  Section  of  current  flow  through 
the  pl[imary  coil.  The  friction  produces  heat, 
which  fs  wasted  energy. 

18-45.  When  the  core  of  the  transformer  is 
magnetic,  the  tnolecules  of  the  core  material 
will  be  alined  in  one.  direction.  As  the  mag- 
netizing force  decreases  to  zero,  the  magnetizing 
action  leaves  the  molecules  alined  in  a  particular 
manner  for  a  period  of  time.*  The  magnetism 
that  is  left  in  the  core  material  after  the  magne- 
tizing currei*  has  stopped  flowing  is  called  resi- 
dual magnetism.  Whenever  AC  is  used  to  mag- 
netize^ the  core,  whatever  residual  magnetism  is 
placed  in  the  core  dfuring  one  half-cycle  must  be 
overcome  in  the  next  half-cycle  befii^e  the  polar- 
ity of  the  core  can  be  reversed. 

18-46.  The  second  iron  loss  that  must  be  con- 
sidered is  that  which  occun  as  a  result  of  eddy 
currents.  Iron  is  a  fairly  good  conductor  of  elec- 
tricity, but  not  as  good  as  copper.  WKen  alter- ' 
nating  current  is  applied  to  the  winding  around 
a  solid  iron  core,  a  varying  magnetic  field  will 
move  across  the  core  and  induce  a  voltage  in 
the  core  qiaterial.  This  voltage  sets  into  motion 
a  large  number  of  currents  in  the  core;  these  are 
known  as  ediiy  currents.  Since  the  solid  iron 


core  has  a^  large  cross-sectional  area  which  has 
little  resistance,  large  numbers  of  eddy  ctirrents 
circulate  and  piroduce  unwanted  heat. 

18-47..  These  problems  are  overcome  by  using 
thin  shera  (lamin^Slions)  of  soft  iron  or  a  special , 
transformer  steel  containing  silicon  in  the  con- 
struction of  transformer  xores.  These*  laminations 
are  oxidized,  varnished,  or  otherwise  have  their 
flai^  surfaces  treated  with  an  insulation  layer. 
They  are  then  placed  together  in  such  *  a  way 
that  there  is  no  electrical  contact  between  them. 
A  complete  tr^former  core  consists  of  many  of 
these  thin  laminations  stacked  together  to  provide 
a  large  core  area  and,  at  the  same  time,  to  re- 
strict the  travel  of  eddy  current^.  Eddy  currents 
still  exist,  but  tlieir  travel  is  restricted  to  a  point 
where  the  resulting  heat  losses  are  reduced  to  a 

•^iiiiTniim%^^ 

18-48.  Copper  losses.  Copper  losses  are  those 
'that  occur  within  the  windings  of  the  transformer. 
They  are  due  to  just  .one  thing,  the  heat  gen- 
erated  by  the  current  in  the  conductors.  You 
need  to  remember  that  the  resistance  of  copper 
and  most  other  metallic  conductors  increases  as 
the  material  gets  hotter.  This  means  that  if  the 
heat  resulting  from  the  iron  and  copper  losses  is 
allowed  to  accumulate,  the^windings  will  get  hot* 
ter.  The  hotter  the  conductors  get,  the  higher 
their  resistance  becomes,  which  in  turn  increases 
the  power  losses  due  to  excessive  heat 

18-49.  The  windings  of  the  transformer  are 
designed  to  be  as  short  in  length  and  as  large 
in  diameter' as  possible  to  decrease  the  resistance 
and  reduce  the  heat,  and  thus  contribute  to  trans-* 
former  efficiency.  In  large  power  transformers, 
the  overall  loss  due  to  heating  is  reduced  by 
special  cooling  devices;  for  example,  oil  baths, 
radiators,  or  air  blowers.  - 

18-50.  The  total  transformer  power  loss  is  the 
sum  of  the  copper  loss  plus  the  iron  losses.  Be- 
cause of  thes^  losses  the  transfromer  is  not^  100- 
percent  efficient;  therefore,  the  actual  power 


PRIMARY 


SeCONDARY 


-V 


42330  —  1-7-125 
Figure  107.  Autotmuformer. 


113 


ERIC 


119 


/// '  • 


Figure  108.   Current  transformer. 

taken  from  the  transformer  secondary,  winding 
will  never  equal  the  amount  of  power  applied 
to  the  primary  winding. 

18-51.  Power  Truisfonners*  So  far,  the  only 
transformers  that  have  been  discussed  those 
that  have  only  one  secondary  winding.  Often 
there  are  several  secondary  windings,  each  pro- 
viding a  separate  voltage  for  different  purposes. 
Figure  106  shows  a  schematic  diagram  of  a  typi- 
cal power^  transformer  used  in  many  circuits. 
Leads  on  this  type  of  transformer  are  usually 
color  coded  for  easy  identification.  If  the  leads 
are  not  color  coded,  they  will  be  identified  by 
numbers  on  the  transformer.  In  either  case,  the 
color  code  or  the  numbers  will  be  found  on  the 
schematic  circuit  diagram  for  that  particular  piece 
of  equipment. 

18-52.  Another  type  of  power  transformer  is 
called  an  autotransformer.  This  unit  is  some- 
times found  in  aircraft  lighdng  systems  but  is 
more  likely  to  be  found  in  the  electric  shop.  It 
is  used  to  provide  a  wide  variety  of  voltages  for 
tesdng  purposes.  It  is  known  as  ^e  autotrans- 
former because  the  primary  and  secondary  wind- 
ings are  actually  one  winding.  Many  of  these 
units  in  general  use  today  have  the  trade  name 
"Variac.**  Rgure  107  is  a  schematic  diagram  of 
an  autotransformer.  The  movable  secondary  tap 
enables  the  user  to  select  a  voltage  value  to  suit 
his  need.  It  is  possible  to  obtain  transformer  ac- 
tion with  such  a  coil  if  a  connection  is  made 
somewhere  along  the  winding  between  the  ex- 


treme ends.  If  a^  step-up  voltage  effect  is  desired, 
the  winding  between  the  input  leads  in  the  pri-^ 
mary  and  the  entire  winding  acts  as  a  secondary. 
There  is  a  180°  phase  shift  between  primary  and 
secondary  voltages.  The  core  in  this  type  o^ 
transformer  is  made  in  the  form  of  a  ring  and 
the  'winding  is  usually  in  the  form  of  a  single- 
layer  winding  covering  almost  the  entire  surface. 
A  manually  operated  control  shaft  carries  an  arm 
and  a  brush  tbaf  h-so  arranged  as  to  make  con- 
tapt  with  each  turn  of  the  winding  as  the  contr<^l 
^shrfrisrotatcdt 

18-  53.  Coirent  Transformers.^  Cunent  tra 
formers  are  used  for  controlling  and  sensing  cir^s 
cuits.  When  used  for  this  purpose,  the  trans- 
former has  no  primary  winding;  the  cunent  in 
the  secondary  is  induced  by  the  current  flowing 
through  the  conductor  that  passes  through  the 
center  of  the  transformer,  as  shown  in  figure 
108.  You  will  find  many  of  these  transformers 
on  multigeneratQT  aC  systems.  They  are  uscd^ 
in  such  circuits  as  voltage  regulation,  frequency 
control,  and  load  protection.  They  are  also  used 
to  furnish  sensing  current  to  KW/KVAR  meters. 

19«  S«mi€onciuetors« 

19-  1.  There  are  many  solid-state  devices  used 
in  the  electronics  field;  you  will  be  mainly  con- 
cerned with  crystal  diodes  and  transistors. 

19-2.  The  operation  of  crystal  diodes  and 
transistors  is  based  on  the  peculiar  properties  of 
semiconductor  materials  such  as  germanium  and 
silicon.  Semiconductors  are  materials  that  are 
roughly  halfway  between  the  metals  and  the  in- 
sulators in  their  ability  to  carry  current.  These 
materials  are  brought  to  arf  exceedingly  high  de- 
gree of  purity  and  then  "poisoned**  by  the  addi- 
tion of  very  carefully  controlled  amounts  of  other 
elements.  ^ 

19-3.  Semicondoctor  Operation.  The  two  ma- 
terials most  generally  used  for  semiconductor 
devices  are,  as  we  mentioned  More,  germanium 
and  silicon,  l^ach  of  these  materials  has  its  own 
advantages, but  an  explanation  of  these  advan- 
tages is  beyond  the  scope  of  this  course.  Funda- 
mentally, both  of  these  materials  react  electrically 
in  the  same  manner.  When  germanium  is  in  its 
pure  state,  it  is  very  nearly  an  insulator;  that  is,  it 
has  very  few  electrical  charge  carriers.  Pure 
silicon  also  is  a  poor  conductor  of  electricity. 
Both  of  these  elements  have  four-valence  elec- 
trons. Valence  electrons  are  the  electrons  in  the 
outer  shdl  of  the  atom.  Theoretically,  they  are 
more  loosely  bound  to  the  atom  than  electrons 
icj^pcr  to  the  nucleus  of  the  atom. 

19-4.  By  the  addition  of  certain  very  small 
amounts  of  a  three-  or  Hve-valence  electron  ma* 
terial  to  the  piu'e  germanium  or  silicon,  they  take 
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Figure  109.  Two  conditions  of  bi«i  in  a  PN  rectifier. 


on  the  properties  of  either  an  acceptor  or  a  donor 
type  material.  Briefly,  the  acceptor  type  of  ma- 
terial (three-valence  electron  material  added)  is 
effectively  deficient  in  electrons.  This  lack  of 
electrons  within  the  crystalline  structure  causes 
the  material  to  be  known  as  a  P  type.  You  may 
also  hear  the  word  "holes"  associated  with  P 
type  material* 

19-5.  The  donor  type  of  material  (five-valence 
electron  material  add^)  is  effectively  overloaded 
with  electrons.  This  surplus  of  electrons  within 
the  crystallme  structure  causes  the  material  to  be 
known  as  an  N  type. 

19-6.  The  flow  of  electricity  in  a  semiconduc- 
tor occurs  by  means  of  the  free  holes  and  free 
electrons  m  the  crystalline  structure  of  the  mate- 
rial. One  very  important  point  to  remember 
about  the  theory  of  semiconfluctors  is  that  of 
space  charge  neutrality.  This  means  that  the 
total  number  of  positive  charges  in  any  region  of 
a  semiconductor  equals  the  total  number  of  nega- 


tive charges  under  conditions  of  small  voltage 
differences  within  the  semiconductor.  Thus,  we 
arrive  at  a  practical  point  where,  by  applying 
voltages  externally,  this  balanced  charge  condi- 
tion is  upset  and  current  flows. 

19-7.  PN-Joncdon  Rectifien.  When  a  P  type 
fcgion  and  an  N  type  region  are  formed  in  the 
same  piece  of  germanium  or  silicon,  a  rectifier 
or  diode  is  fomied.  The  botmdary  between  the 
P  and  N  regions  is  called  a  junction.  The  P 
region  is  called  the  anode,  while  the  N  re^on  is 
called  the  cathode.  The  interface  between  the  P 
and  N  materials  is  called  the  junction^  These 

,  regions  and  their  relationship  to  each  other  are 
illustrated  in  figure  109  where  two  conditions  of 

Jbias  are  shown.  When  the  anode  of  the  rectifier 
is  madc^  negative  with  respect  to  the  cathode,  the 
rectifier  allows  almost  no  current  to  flow.  This 
condition  Is  called  reverse  bias.  The  theory  be- 
hind this  action  is  that  the  electrons  in  the 
N  region  and  the  holes  in  the  P  region  a^  both 
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repelled  from  the  jimcdon.  This  leaves  no  charge 
«4riers  near  the  junction,  and  so  no  elcctridty 
can  flow  through  the  rectifier.  However,  if  an 
exceedmgly  high  reverse^bias  voltage  is  applied 
to  the  rectifier,  the  barrier  breaks  down.  This 
breakdown,  if  uncontrolled  (too  much  current  is 
allowed  to  flow  in  the  reverse  direction),  over- 
heats and  ruins  the  diode.  At  the  breakdown 
point  (too  high  a  reverse  voltage),  the  "Ifeak- 
age-current"  electrons  can  gain  enough  energy  to 
free  additional  electrons  from  the  semiconductor 
atrais  causing  what  is  known  as  avalanche  mul-- 
tiplication.  This  means  simply  that  each  electron 
that  moves  under  this  high  voltage  collides  with 
the  semiconductor  atoms  and  frees  additional 
charge  carriers;  these  add  to  the  total  curroat. 
Under  avalanche  conditions,  the  PR^  (power) 
developed  across  the  junction  may  ruin  the  de- 
vice. The  word  "may'*  is  used  because  the  mag- 
nitude and  duration  of  the  current  are  the  deter* 
mining  factors. 

19-8.  Again  referring  to  ^JBgure  109,  note  a 
condition  known  as  forward  bias.  The  theory 
here  is  that  the  electrons  m  the  N  region  move 
across  the  junction  and  unite  with  holes  in  the 
P  region.  Also,  the  holes  hi  the  P  region  move 
across  the  juninion  and  unite  with  the  electrons 
in  the  N  region.  The  movement  of  these  nega- 
tive and  positive  carricn  across  the  junction  con- 
trols the  current  in  an  external  circuit.  The  re- 
sult of  forward  bias  is  considerable  cunent  flow 
for  a  small  applied  voltage.  . 

19-9.  Zener  Diode*  A  Zener  diode  is  a  spe- 
cially processed  silicon  diode  that  exhibits  prop- 
erties sin^ar  to  a  gas  diode.  A  graph  of  the 
current  through  and  the  voltage  across  a  reverse- 
bitsefi  diode  is  shown  in  A  of  figure  110.  Note 
that  with  a  certain  value  of  revene  voltage,  the 
current  increases  rapidly  while  the  voltage  across 
the  diode  remains  ahnost  constant  The  voltage 
at  which  this  action  occurs  is  called  the  break- 
down or  Zener  voltage.  When  the  revcrse-biased 


diode  is  used  to  take  advantage  of  this  charac- 
teristic, it  is  called  a  Zener  diode.  The'  break- 
down diode  can  be  used  as  a  voltage  regulator, 
as  shown  in  B  of  figure  110. 

19-10.  When"  the  load  current  12  increases  , 
(witiiin  limits),  the  tot^  current  drawn  from  the 
source  Bin  does  not  increase.  The  increased  cur- 
rent is  diverted  to  the  load  frcHn  Zener  diode 
CRl;  the  voltage  across  the  breakdown '  diode 
CRl  and  the  load  remains  almost  constant.  A 
decrease  in  current  12  drawn  by  the  load  capses 
a  corresponding  increase  in  current  II  drawn  by 
breakdown  diode.  Under  these  conditions  the 
total  current  IT  drawn  from  the  source  Eix 
remains  constant,  so  that  the  voltage  oytput  Eorr 
again  remains  practically  constant. 

19-11.  If  the  source  voltage  Em  increases,  total 
current  IT  drawn  from  the  source  also  increases. 
The  voltage  drop  across  resistor  Rl  increases,  by 
the  amount  of  increase  in  source  voltage,  and 
current 'II  increases  by  the  amount  of  increase  . 
in  cunent  IT.  The  load  current  12  and  the 
^  load  voltage  Bout  remain  nearly  constant.  A 
decrease  in  source  voltage  is  compensated  for  in 
the  same  manner  by  a  decrease  in  voltage  drop 
across  resistor  Rl  and  a  decrease  in  current  II 
through  the  diode. 

19-12.  The  voltage  regulator  discussed  above 
is  capable  of.  maintaining  a  constant  load  voltage, 
regardless  of  the  variations  that  occur  in  either 
the  source  voltage  or  the  load  current  or  both. 
Depending  on.  the  characteristics  of  the  particu- 
lar breakdown  diode,  the  breakdown  vohage  can 
be  any  value  from  2  volts  to  200  volts. 

19-13.  At  this  point,  let's  discuss  the  differ* 
ence  between  a  solid-state  rectifier  and  a  solid- 
state  diode.  As  you  know,  both  of  these  units 
have  a  higher  resistance  to  current  flow  in  one 
direction  than  in  the  other.  The  main  difference 
is  one  of  terminology.  The  rectifier  is  a  unit  that 
is  normally  used  in  circuits  handUng  large 
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amounts  of  electrical  power,  while  diodes  are 
used  iit  signal  type  circuits  where  the  power  re- 
quirements are  relatively  small. 

19-14.  Rectifier  Power  SuppUes.  The  power 
supply  units  that  furnish  the  direct-current  power 
requirements  (other  than  28  volts)  are  full-wave, 
bridge,  and  dry  rectifiers  operating^  above  and 
bclpw  signal  ground  potential.  Four  individual 
rectifier  elements  are  utilized.  Now  let's  simplify 
these  statements  a  little  bit.  About  the  best  way 
to%ain  a  good  understanding  of  full-wave  recti- 
fication is  to  follow  power  through  a  partial  sche- 
matic of  a  rectifier  similar  to  the  one  used  in  an 
aircraft.  Study  figure  111  as  you  follow  this  ex- 
planation. 

19-15.  The  power  applied  to  the  primary  of 
the  transformer  (Ti)  is  115  volts  at  a  frequency 
of  400  Hz.  To  follow  the  direction  of  cunent 
through  the  bridge  rectifier  assembly,  wc  must 
assume  an  applied  voltage  at  some  instant.  Let's 
assume  that  point  3  of  Ti  is  posi^ve^ith  respect 
to  point  4.  Thus  a  positive  potential  exists  at 
the  junction  of  CRl  and  CR5.  A  negative  po- 
tential is  therefore  applied  to  thc^junction  of  CR2 
and  CR6.  ElecUon  theory  of  cunent  flow  tells 
us  that  the  current  must  flow  from  a  point  of  low 
potential  to  a  point  of  high  potential.  Because  of 
the  unidirectional  characteristics  of  the  rectifiers, 
current  at  the  junction  of  CR2  and  CR6  can  go 
only  through  CR2  (against  the  anow).  Since 
rectifier  CRl  acts  as 'an  .open,  the  cunent  must 
flow  out  through  the  load  (RrJ  and  back  to  the 
junction  of  CR5  and  CR6.  The  current  cannot 
flow  back  through  CR6  because  of  the  lower  po- 
tential at  the  opposite  end  of  CR6.  So,  the  cur- 
rent passes  through  CR5  and  back  to  the 
secondary  of  Ti.  This  occurs  for  one-half  of  a 
cycle.  On  the  other  half  of  the  cycle,  the  volt- 
ages applied  to  the  junction  of  CRl  and  CR5 
and  the  junction  of  CR2  and  CR6  are  reversed. 
Now  the  junction  of  CRl  and  CR5  becomes  neg- 
ative, while  the  junction  of  CR2  and  CR6  be- 
comes positive.^ 

19-16.  The  negative  potential  at  the  junction 
of  CRl  and  CR5  will  cause  current  to  flow 
through  CRl.  The  rectifier  CR5  is  biased  off  at 
this  time.  The  rectifier  CR2  is  biased  off  so  the 
current  will  flow  out  through  the  load  and  back 
to  the  junction  of  CR5  and  CR6.  The  rectifier 
CR5  is  biased  off  so  the  current  flows  through 
CR6  and  back  to  the  secondary  winding  of  Ti.^ 

19-17.  You  will  notice  both  half-cycles  of  the 
AC  input  power  are  utilized,  and  for  both  half- 
cycles  the  current,  flows  in  the  same  direction 
through  the  load.  Also,  the  output  frequency  will 
be  double  the  input  frequency.  The  resistors  Rl 
and  J13  plus  capacitor  CI  form  a  filter  network 


t6  help  smooth  out  the  pulsations.  Smoothing  out 
the  pulsations  effectively  causes  the  direct  cur- 
rent to  be  at  a  constant  voltage  level  as  applied 
to  the  load.  The  Zener  diodes  CR9  and  CRIO 
are  voltage-regulating  devices.  If  the  voltage 
tends  to  rise  above  their  breakdown  rating,  they 
will  act  as  a  shunt  across  the  load  and  thus  re- 
duce the  voltage.  If  the  voltage  tends  to  drop 
below  a  preset  value,  the  diodes  will  effectively 
become  an  open  circuit  and  cause  all  of  the  volt- 
age to  be  applied  to  the  load.  The  diodes  CR9 
and  CRIO  are  each  '25-volt  units.  This  means 
that  they  will  pass  current  at  a  voltage  potential 
difference  of  25  volts.  Thus,  two  of  them  in  se- 
ries form  a  50-volt  regulator.  A  tap  between 
them  forms  a  25-volt  regulator.  This  is  all  illu- 
strated in  figure  111. 

19-18.  Now,  assume  that  we  have  two  PN 
junctions  in  one  crystal,  one  biased  in  the  for- 
ward direction  and  the  other  in  the  reverse  direc- 
tion. Then  you  apply  a  signal  to  the  low  resist- 
ance section  (PN  junction  biased  in  the  forward 
direction)  and  take  an  output  from  the  high-re- 
sistance element  (PN  junction  biased  in  the  re- 
verse direction).  >Vhen  the  output  is  developed 
in  the  external  circuit,  you  find  that  you  have 
increased  the  power.  You  have  produced  a  ' 
power  gain.  The  combination  of  PN  junctions 
has  transferred  the  signal  from  a  low-resistance 
circuit  to  a  high-resistance  circuit.  Thus  came 
into  being  the  word  "transistor,"  which  is  a  con- 
traction of  the  words  "TRANSfer"  and  "resIS- 
TOR." 

19-19.  Transistors.  Since  you  have  had  formal 
schooling  on  transistors  at  some  time  in  the  past, 
the  material  covered  in  the  following  paragraphs 
is  mainly  to  refresh  your  memory  and  broaden 
your  knowledge  of  transistorized  circuits.  Pos- 
sibly a  few  of  the  circuits  explained  Jater  in  this 
discussion  will  be  new  to  you.  But  remember, 
the  more  background  knowledge  you  acquire, 
the  easier  it  will  be  for  you  to  understand  thfc 
systems. 

19-20.  What  is  a  transistor?  It  is  a  solid-state 
device  used  for  signal  and  power  amplification, 
signal  inversion,  and  related  applications  where 
its  small  size  is  especially  adaptable  to  the  min- 
iaturization of  electronic  equipment.  The  transis- 
tors that  are  of  prime  importance  are  the  junc- 
tion type.  By  recalling  the  explanation  of 
semiconductor  diodes,  you  can  move  easily  to 
junction  transistors.  The  semiconductor  diode 
has, a  junction  between  an  area  of  P  type  mate- 
rial and  an  area  of  N  type  material.  By  forming 
a  layer  of  one  type  of  material  between  two  lay- 
ers of  the  other  type  material,  a  junction  tran- 
sistor is  formed/  The  transistors  thus  formed  are 
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known  as  PNP  or,  NPN  types,  depending  on 
which  type  material  is  in  the  center.' 

19-21.  By  studying  figure  112  you  become  fa* 
miliar  with  the  schematic  symbols  for  tran- 
sistors. Part  A  of  figure  112  shows  the  terminal 
names  and  the  direction  of  current  flow  for  a 
PNP  transistor,  and  part  B  shows  the  terminals 
and  the  direction  <rf  cunent  flow  for  an  NPN 
transistor.  I^otice  that  tl^e  arrow  in  the  emit- 
ter lead  (IE) 'is  always  against  the  dkection  of 
dectron  flow.  The  direction  of  this  arrow  is  an 
indicator  of  the  type  of  transistor.  The  arrow 
pointing*^  toward  the  base  means  a  PNP  transis- 
tor, and  the  artow  pointing  away  from  the  base 
means'  an  NPN  transistor.  Having  two  different 
types  of  transistors  means  that  the  circuit  polari- 
ties for  obe  must  be  reyersed  for  the  other.  For 
a  PNP  tran^or,  the  collector  is  negative  with 
respect  to  the  emitter.  For  an  NPN  transistor 
the  collector  is  positive  with  respect  to  the  emit- 
.  ter.  When  the  current  flow  in  the  emitter  lead 
b  away  from  the  transistor'  (PNP  type),  the 
current  flow  in  the  base  lead  (IB)  is  into  the 
transistor.  When  the  current  flow  in  the  emitter 
lead  is  into  the  transistor  (NPN  type),  the  cut- 
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rent  flow  in  the  base  lead  is  away  from  the  tran- 
sistor. 

19-22.  Now  let's  examine  a  simple  single 
stage  of  AC  amplification.  Follow  through  and 
study  fi^e  113  during  this  explanation.  The 
input  signal  is  an  AC  sine  wave  and  is  coupled 
to  the  base  of  the  transistor  by  a  coupling  capaci- 
tor. Resistors  .Rl  and  R2  form  a  vpltage  divider 
network*  This  network  is  used  to  establish  a  bias 
voltage  on  the  base  of  the  transistor.  The  correct 
bias  voltage  causes  the  transistor  to  operate  in  its 
linear  range  so  that  it  does  not  distort  the  output 
signal  wave  shape.  Resistor  R3  also  enters  the 
biasing  drctiit  because  some  cunent  flows  from 
ground,  through  R3,  into  the  emitter  lead  and 
out  the  base  lead  to  the  junction  of  Rl  and  R2. 
The  capacitor  in  pafallel  with  R3  offers  a  low- 
resistance  path  for  ac  signals. 

19-23.  There  is  current  flow  through  the  tran- 
sistor and  R4  to  the  positive  side  of  the  power 
supply  at  all  times.  The  input  signal  varies  the 
ability  of  the  base  to  conduct  cunent  This  var- 
iation (tf  current  flow  causes  a  variation  in  the 
voltage  drop  across  R4.  The  chan^g  voltage 
drop  is  reflected  across  the  output  capacitor. 
When  the  input  signal  goes  in  a  positive  direc- 
tion, the  current  flow  through  the  transistor  in- 
creases. This  causes  a  greater  voltage  drop 
across  R4.  The  net  result  is  a  decreasing  output- 
signal  voltage  with  an  increased  input-signal  volt- 
age. This  phase  change  is  known  as  phase 
inversion.  The  actual  amount  of  voltage  ampli- 
Qcationr  is  dependent  on  the  partici^  circuit 
construction. 

19-24.  Transistor  Amplifier  Circuits.  There 
are  three  ways  in  which  a  transistor  may  be  used 
in  an  amplifier  circuit.  Each  way  allows  some 
variation  ii|  .relationship  between  the  input  signal 


Figure  113.  Typical  AC  tmptifier. 
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Hfure  114.   Common-emitter  (CE)  ampliifer. 


and  the  output  signal  You  should  be  familiar 
with  these  configurations  in  order  to  better  un- 
derstand what  happens  to  a  particular ^ai^al  as 
you  follow  it  through  a  system.  In  the(foIIowing 
paragraphs,  we  review  the  commcmsemitter 
(CE)  amplifier,  then  follow  this  by  reviewing 
the  commott^pUector  (CC).. amplifier,  and  the 
commozhbase  (CB)  amplifier. 

19-25.  Common-emitter  (CE)  amplifier.  The 
common-emitter  (CE)  amplifier,  shown  in  fi^ 
ure  114,  is  a  simplified  schematic  of  the  circuit 
shown  in  figure  113.  The  name  "comnum^emit- 
ter"  is  derived  from  the  fact  that  the  emitter 
terminal  is  conunon  to  both  the  input  ^and  output 
circuits.  The  OMnmon-emitter  circuit  is  also 
known  as  a  grounded'*emitter  circuit  The  fd- 
lowing  discussion  is  related  to  figure  114  with  an 
NPN  transistor.  The  battery  m  the  base-to-emit- 
ter  circuit  supplies  the  bias  voltage,  while  the 
battery  in  the  cdlector4o-emitter  circuit  is  the 
main  transistor  power  supply.  The  input  signal 
is  applied  between  the  tnn^|||>r  base  and 
ground.  The  output  signal  b  taken  between  the 
collector  and  ground  Resistors  Rl  in  figure  114 
and  R4  in  figure  113  both  serve  the  same  func- 
tion as  load  resistors.  An  examination  of  the 
input  and  output  ^phs  reveals  a  phase  inver- 
sion of  the  signal  and  a  gain  in  signal  amplitude. 


19-26.  Common-coUecior  (CC)  amplifier. 
The  common-collectcMr  (CC)  amplifier  is  shown 
in  the  simplified  schematic  of  figure  115.  Here 
again  we  have  a  bias  voltage  source  and  a  power  ^ 
voltage  source.  Notice  that  the  collector  is  com* 
moa  to  the  mput  and  output  circuits.  The  load 
resistor  is  shown  in  the  common  (collector)  line 
rather  than  in  the  emitter  line.  This  causes  the 
output  signal  to  be  m  phase  with  the  mput  signal. 
Consider  an  instant  oi  time  when  ^e  mput  volt- 

'  age  is  positive,  as  shown  by  the  line  AB.  This 
positive  input  signal  causes  the  total  collector  cur- 
rent to  mcrease.  The  mcreased  collector  cunent 
causes  the  top  point  ot  the  load  resistor  Rl  to 
become  mc^e  positive  with  respect  to  the  lower 
end.  The  result  is  shown  by  the  line  AB  on  the 
output  waveform.'  The  CC  circuit  is  also 
known  as  a  grounded-cdlector  circuit  or  as  a 
fdlower  type  circuit,  and  does  not  produce  phase 
inversion*  This  type  of  circuit  is  frequently  used 
as  an  isolation  amplifier  and  has  an  amplification 
factor  of  less  than  one. 

19-27.  Common-base  (CB)  amplifier.  The 

r  conunon-base  (CB)  amplifier  is  shown  in  simpli- 
fied form  m  figure  116.  In  this  case  we  have  a 
bias  battery  in  the  basi^•to-emitter  circuit.  The 
power  battery  is  in  the  base-to-collector  circuit 
The  base  is  common  lo  both  the  emitter  and  the 


Figure  115.    Comtnon-^llector  (CC)  amplifier.^ 
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Figure  116.  Common-ba^e  (CB)  tmplitier. 


collector.  The  input  signal  is  applied  to  the  emit- 
ter terminal;  the  voltage  waveforms  represent  the 
input  and  output  voltages.  The  resistor  1^1  rep- 
resents the  load  re^tance  of  the  circuit  The 
output  signal  is  coupled  out  of  the  circuit  by  the 
coupling  capacitor. 

19-28.  Now,  follow  the  sigrfal  through  the 
cmt.  As  the  input  vohagc  becomes  more  positive, 
represented  by  line  AB,  it  <q)poses  the  bias  volt- 
age. This  results  in  less  current  flow  through  the 
transistor.  If  there  is  less  current  flow  through 
the  transistor,  there  must  be'  less  cancnt  flow 
through  the  load  resistor.  As  a  result,  the  poten- 
tial at  the  top  of  Rl  rises.  This  produces  an  out- 
put voltage  represented  by  line  AB  on  the 
output  waveform*  Continuing  througji  this  analy- 
sis, you  should  find  that  there  is  no  phase  mver- 
sion  through  a  CB  amplifier.  This  particular 
type  of  amplifier  is  sometime  referred  to  as  a 
grounded-base  amplifier,  and  has  fSi  amplifica- 
tion capability  of  greater  than  one, 

19-29.  Tk^gered  drcoits.  A  triggered  circuit 
is  one  in  which  an  externally  applied  signal 
causes  a  rapid  change  in  the  operating  state  of 
the  circuit.  Once  the  applied  trigger  pulse  has 


started  the  change,  the  circuit  uses  its  own  power 
to  complete  the  changeover.  This  changeover 
operation  is  known  as  triegcr  action.  Triggered 
circuits  operate  in  a  stable,  monostable,  or  bi-> 
stable  modes  of  operation.  These  circuits,  all  var- 
iations of  multivibrators/usedifferent  circuit  val- 
ues in  various  applications.  After  studying 
these  explanations  you  should  be  able  to  readily 
transfer  your  knowledge  to  any  similar  circuit. 

19-30.  AstobU  multivibrator.  The  astable 
multivibrator,  illustrated  in  figure  117,  is  a  two- 
stage  oscillator  in  which  one  stage  conducts  while 
the  other  is  cut  off  until  such  a  point  is  reached 
that  the  stages  reverse  their  conditions.  That  is, 
the  stage  that  has  been  conducting  cuts  off  and 
other  stages  start  to  conTduct.  This  oscillation  con- 
tinues and  is  used  to  produce  a  squate-wave 
output.  The  multivibrator  shown  in  figure  117  is 
connected  as  a  collector-cpupled  circuit|f  with  the 
collector  of  each  transistor  connected  ^o  the  base 
of  the  opposite  transistor.  There  is  a  capacitor- 
resistor  network  in  each  coupling  liqe.  This  type 
of  circuit  is  also  known  as  a  free-running  multi- 
vibrator. However,  in  certain  applications,  trig- 
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Figure  117.   Astabic  multivibrator. 
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legate  lis.   Monoctmble  multivibrator. 


gering  pulsts  may  be  used  to  synchronize  the 
astable  multivibrator  to  another  pulse»prodocing 
operation. 

19-31.  Follow  the  diagram  of  figure  117  as 
we  'explain  the  operation.  To  begin  with,  assume 
that  Qi  is  conductmg  very  heavily  as  compared 
to  Qj.  Mudi  more  current  is  flowing  in  the  base 
circuit  of  ^  Qt  than  in  the  base  circuit  of  Q3.  The 
c<rflcctor  current  of  Qi  increases,  causing  the 
voltage  at  the  junction  of  Rci  and  Rn  to  become 
more  positive.  This  action  places  an  even  more 
positive  bias  on  the  base  of  Q3  tnd  cuts  that 
transistor  off  completely.  Keep  m  mind  that 
these  are  PNP  transistors,  and  for  heavy  current 
flow,  the  base  must  be  negative  with  respect  to 
the  emitter.  As  Q3  is  cut  off;  the  voltage  at  the 
junction  of  Rc2  and  Rn  becomes  more  negative. 
This  negative  voltage  is  applied  to  the  base  of 
Qi.  Transistor  Qi  is  then  driven  to  saturation. 
Saturation  means  that  Qi  is  carrying  all  of  the 
current  possible  under  the  volUge  conditions  ap- 
plied to  its  collector  and  emitter  with  the 
maximum  negative  voltage  applied  to  its  base. 
At  the  time  that  Qi  is  saturated,  the  voltage  drop 
across  Rci  is  maximum.  This  means  that  at 
this  time,  the  potential,  at  the  junctic«  <rf  Rri 
and  Rn  becomes  less  negative.  At  the  same  tiMe 
Q2  is  cut  off,  and  the  voltage  at  the  junction  of 
Rc2  and  Rra  becomes  mote  native* 

19-32.  All  this  action  happens  so  quickly  tiiat 
capacitor  Cn  does  not  get  a  chance  to  discharge. 
Therefore,  the  increased  positive  voltage  that  ap- 


pears on  the  base     Qs  is  dropped  across  Rbs. 

The  conditions  remain  practically  static  for  the 
period  dL  time  it  takes  for  Cn  to  discharge.  The 
base  of  Qa  is  going  through  a  voltage  change  due 
to  Cn  discharging. 

19-33.  When  Cn  is  practically  discharged,  the 
bias  on  the  base  ot     .is  such  that  Q2  begins 

>  conducting.  As  the  current  flow  through  Q2  in- 

^  creases,  the  voltage  at.  the  junction  of  Ra  and 
ilrs  becomes  less  negative.  This  voltage  change 
is  a|^ed  to  the  base  of  Qi  and  causes  it  to 
conduct  less.  As  Qrconducts  tiie  voltage  at 
its  collector  becomes  more  negative.  This  vojt- 
age  change  is  applied  to  the  base  of  Q2.  Transis- 
jtor  Qa  is  {inven  into  heavier  conduction.  All  t|iis 
"faction  continues  until  Q2  is  driven  mto  saturation 
an^  Qi  is  cut  off. 

19-3*4.  Again,  the  action  was  so  rapid  that 
Cr2  did  not  have  time  to  discharge.  All  of  the 

'circuit  conditions  again  remain  static  except  for 
Cr2  discharging  and  changing  the  voltage  ap- 
plied to  die  base  of  Qi.  When  Cpa  is  nearly  dis- 
charged, Qt  once  again  begins  to  conduct.  This 
brings  us  back  to  the  starting  pomt.  The  fre- 
c^^ency  of  oscillation  is  mainly  dependent  on  the 
time  constant  of  the  resistor-c£^>acitor  combina- 
tion (Rn-Cn,  Rri-Cra)  in  each  of  tiie  two 
crossovers  from  collector  to  base.  Capacitors 
Cm  and  Cca  are  used  as  AC  bypass  units.  Resistors 
Rn  and  Rn  are  used  as  swamping  resistors.  A 
swdmping  resistor  reduces  the  effects  of  varia- 
tiom  in  emitter*to-base  junction  resistance  catised 
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by  variations  in  temperature;  thus,  it  reduces  the 
pcstibility  of  excessive  current  throu^  the  tran- 
sistor Swamping  resistors  are  placed  in  the  emit- 
ter lead  circuit.  Review  tlus  explanation,  and 
study  figure  117  until  you  ^re  reasonably  sure 
yi  know  how  an  astable  multivibrator  operates. 
Once  you  have  mastered  thisT  mtdtivibra^dr,  the 
othen  will  be  easy  to  understand,  smce  they  arc 
variations  of  the 'astable  multivibrator.  The  next 
logical  multivibrator  to  study  is  known  as  the 
monostable  multivibrator. 

19-35.  Monostable  multivibrator  The  major 
difference  between  the  astable  (free-runmng) 
and  the  mpnostable  multiidbrator  is  the  bias 
arrangement  In  the  astable  unit  the  basc^o-wnit- 
tcr  junction  is  forward  biased  and  starts  oscillat- 
ing as  soon  as  DC  power  is  applied.  The  mono- 
stable  circuit,  when  power  is  applied,  stabilizes 
with  one  stage  cut  off  and.  the  other  stage  at  sat- 
uration. It  remains  in  this  conation  until  a  trig- 
ger pulse  is  appHcd.  The  "trigger  pulse  causes  the 
transistors  to  switch  states  for  a  short  time,  as 
determined  by  the  drcuit  values,  and  then  re- 
turn to  their  initial  conditions.  This  type  of  mul- 
tivibrator may  also  be  referred  to  as  one-shot, 
linglc-twing,  or  sinl^e-shot*  multi^braior.  The 
monostable  multivibrator,  after  a  trigger  pulse 
flips  its  operating  state,  flips  itself  back  to  its  ini- 
tial operating  condition.  Study  figure  118  as  you 
follow  the  explanation  of  flic  operation  of  a  mon- 
ostable multivibrator. 


19-36.  The  batter^  Vcc  supplies  flic  voltage  to 
die  collectors  of  both  Qi  and  Qa,  It  also  sup- 
plies ttie  forward  bias  for  Qa.  When  tWnking  o! 
biases,  keep  in  mind  fliat  Qi  anfl  Qa  are  PNP 
type  transistors.  Therefore,  VCC  furnishes  a  for- 
ward bias  through  Rfi  to  Uie  base  of  Qa.  The 
forward  bias  of  causes  Qa  to  \yp  in  a  state 
of  saturation  while  the  reverse  bias,  provided  by 
Vbb  holds  Qi  at  cutoff.  As  we  follow  through  die 
operation  of  figure  118,  the  various  vi)ltages  de- 
veloped in  tile  circuit  are  shown  by  tiie  graph 
at  tiie  left  side  of  the  figure,  and  in  parentheses 
in  the  text  ^ 

19-37.  The  trigger  pulse,  shown  as  Vu  in  the 
graph,  is  a  negative  going  pulse.  It  is  applied 
to  the  base  of  Qt  through  CC.  As  tiie  base  of 
Qi  is  driven  in  a  negative  direction  (Vm)  by  tiie 
trigger  pulse,  conduction  occurs  through  the  tran- 
sistor (from  tiie  collector  to  the  enaitt^r).  Cur- 
rent flow  through  Ru  causes  a  voltage  drop 
across  it  Thus  tiie  collector  of  becomes  less 
negative  (Vci).  This  voltage  change  (Vm)  Is 
reflected  dirougb  Gn  to  the  base  of  Qa.  The  for- 
wafd-bias  voltage  on  tiie  base  is  decreased. 
Therefore,  Qa  conducts  less,  and.  tiic  vdtage  on 
its  collector  goes  negative  (Vca).  This  negatiye- 
going  voltage  is  applied  to  tiie  base  of  Qi  and 
drives  Qi  into  heavy  conduction.  Thd^^  result  is 
tiiat  Qi  is  driven  into  saturation  and  Qa  is  biased 
to  cutoff.  This  switching  action  is  so  rapid  tiiat 
Cwi  has  not  h^  time  to  discharge. 
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19*38.  As  Cn'  discharges  through  R]^a  and 
Ql,,  the  transistors  remain  stable  in  their  switched 
positions.  When  Cn  is  almost  discharged, 
the  voltage  on  the  base  of  Q2  has  dropped  (gone 
negative^  enough  to  allow  Q2  to  start  conducting 
again.  The  positive-going  voltage  at  the  collec- 
tor of  drives  the  base  of  Qs  positive*  This 
action  causes  Qi  to  conduct  less.  The  cdlector 
of  Qi  goes  negative  as  less  current  flows  through 
Ru-  This  negative-going  voltage  is  aj^lied  to  the 
base  Q2;  thus,  Q2  is  driven  into  saturation  and 
Qi  is  driven  to  cutoff.  The  vibrator  has  returned 
to  its  monostable  condition,  ^ 

19-39.  This  stable  conditicm-reinains^  until  va^ 
other  trigger  pulse  is  applied.  The  output  can 
be  taken  from  the  collector  of  Qi  as  well  as  from 
Q2.  However,  the  output  taken  from  Qi  would 
be  180°  out  of  phase  with  the  output  of  62.  The 
output  waveform  is  aln^ost  a  square  wave.  The 
duration  of  the  output  or  triggered  pulse  is  de- 
termined primarily  by  the  values,  or  time  con- 
stant, of  Rri  and  Cn. 

19-40.  Bistable  multivibrator,  A  bistable  mul- 
tivibrator is  stable  with  either  of  its  transistors 
saturated.  In  other  words,  it  remains  in  cither 
mode  of  op^tion*  The  conventional  bistable 
multivibrator  is  also  known  as  an  Eccles-Jordan 
trigger  circuit  or  as  a  saturating  flip-flop.  It  is 
used  in  computing  and  wave-generating  circuits. 
Since  it  is  controllable,  its  outputs  can  be  made 
to  represent  0  aiid  1  or  false  and  true  sigdals. 
Study  figure  1 19  and  follow  it  through  during  the 
explanation  of  the  bistable  multivibrator  opera- 
tion. Since  the  particular  circuit  of  figure  119 


shows  PNP  type  transistors,  any  effeciivelrigger 
pulse  must  be  a  negative-going  voltage. 

19-41.  When  power  is  first  applied  to  this  cir- 
cuit, either  transistor  may  go  into  saturation.  To 
make  the  circuit  predictable,  a  reset  line  is 
usually  tied  into  the  circuit  to  cause  one^partic- 
ular  transistor  to  go  into  saturation  when  power 
is  applied.  The  resistors  RLi-Rpi-RBai  ^d 
Ri^Rf-i^Rbi  form  voltage-dividef  ncty/brks 
that  aid  in  holding  the  transistors  in-^a  stable 
state. 

19-42.  The  application  of  either  a  negative 
trigger  pulse  to  the  base  of  the  nonconducting 
transistor  or  a^  positive  ^scr^^r  base  of  the 
saturated  transistor  switches  the  conducting  state 
of  the  circuit.  The  trigger  pulses  are.  applied 
through  Cci  and  Cc2  to  transistors  Qi  and  Q2 
respectively.  For  the  purposes  of  this  explanation, 
assume  that  transistor  Qi  is  cut  off  while  Q2 
is  conducting*  A  negative  trigger  pulse  at  input 
A  drives  the  base  of  Qi  in  a  negative  direction. 
Transistor  Qi  starts  conducting  and  so  develops 
a  positive-going  voltage  at  its  collected  This  pos- 
itive-going voltage  is  coupled  to  |^  .base  of  Q2 
by  Rn  and  Cn.  The  change  of  bias  on  the  base 
of  Q2  causes  it  to  conduct  less.  Since  Q2  con- 
ducts less,  its  collector  voltage  goes  more  nega- 
tive. This  negative-going  voltage  is'  coupledrto 
the  base  of  Qi  through  Cr2  and  Rr2.  The* 
increased  negative  bias  on  the  base  of  Qi  causes 
it  to  go  into  heavier  conduction.  Transistor  Q\ 
conducts  more  heavily,  driving  the  base  of  Q2 
even  more  positive.  The  final  result  of  all  of 
this  is  that  Qi  is  driven  to  saturation  while  Q2 
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is  biased  completely  off.  Actually,  this  tralisition 
(switching)  period  is  very  short 

19-43.  With  Qi  at  cutoff  and  Qa  saturated,  a 
negative  trigger  pulse  implied  to  input  B  indi- 
cates the  chain  of  events  that  drives  Q2  into  cut- 
off and  Qi  into  saturation.  The  output  wave- 
form very  closely  resembles  a  square  wave  when 
continuous  triggering  is  applied 

19-44.  The  direct-coupled  bistable  multivibra- 
tor, as  illustrated  in  figure  120,  is  also  known  as 
a  binary  or  "count-by-two"  circuit  It  is  used  in 
computmg  and  counting  applications.  The  tran- 
sistors Qi  and  Q4  arc  not  part  ot  the  basic  flip- 
flop,  but  are  used  to  amplify  the  input  control 
signal.  The  loads  for  Q2  and  Qg  (the  bistable 
multivibrator  transiston)  are  Ru  and  Rl2  respec- 
tively. The  load  resistors  also  serve  as  the  base 
input  resistance  of  the  other  tranristor.  That 
is,  Rli  is  also  the  base  input  resistance  for  Q3, 
and  Ru  is  also  the  base  input  resistance  foirQj. 

19-45.  In  the  Ocplanation  of  the  direct- 
coupled  bistable  multivibrator,  follow  the  circuit 
of  figure  120,  and  the  voltage-vcrsus-time  graph 
In  120.  Let's  start  by  assuming  that  transistor 
Qa  is  cut  off  and  Qt  is  conducting,  Wldle  this 
stable  condition  exists,,  the  base  of  Qt  b  at  a 
high-negative  potential  and  thtf  base  of  Q2  is  al- 
most at  ground  (positive)  potential  The  reason 
for  this  is  that  the  base  of  each  transistor  is 
coupled  directly  to  the  collector  of  the  other  tran- 


sistor. The  transistor  that  is  conducting  heavily 
(saturated)  causes  a  positive  potential  to  be  ap- 
plied to  the  base  of  the  other  transistor.  The 
transistor  that  is  cut  off  (Qs)  causes  a  negative 
bias  equal  to. battery  voltage  to  be  applied  to  the 
base  of  the  conducting  transistor  Q3.  Now  as- 
sume that  a  negative-going  trigger  pitise  (Vuc) 
is  2^>plied  to  the  base  of  Qi7  Transistor  Qi  con- 
ducts and  effectively  grounds  the  collector  of  Q2 
(Vc2).  At  the  same  time,  it  grounds  the  base  at 
Qt  (Vbs)  by  direct  coupUng.  All  of  tiiis  initiates 
a  chain  reaction  which  causes  Q3  to  be  cut  off 
and  Q2  to  be  driven  into  saturation.  The  volt- 
ages sjiown  vertically  under  the  input  1  line  of 
the  graph  are  the  stable  co;iditions  followmg  the 
pulse  on  input  1. 

19-46.  The  new  stable  condition  exists  until  a 
negative-going  pulse  is  applied  to  input  line  2. 
This  time  Q4  effectively  grounds  the  collector  of 
Q,  and  the  base  of  Q2,  causing  a  switching  action 
between  the  transistors.  The  voltage  changes  are 
shown  under  the  input  2  secticm  of  the  voltage 
waveform  diagram.  This  shows  that  the  voltages 
arc  brought  back  to  their  initial  conditions. 

19-47.  By  connecting  output  1  and  output  2  to 
the  inputs  of  another  multivibrator,  and  its 
outputs  to  another  and  so  on,  a  chain  of  these 
can  be  constructed  to  form  a  computing  device 
known  as  a  binary-counter  string.  Depending  on 
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how  one  multivibrator  is  connected  to  the  next, 
'  \  the  chain  can  be  made  to  function  as  a  counter 
\  or  a  shift  register.  The  infiprmation  on  triggered 
circuits  presented  in  this  section  has,  of  course, 
only  scratched  the  surface  of  the  subject.  We 
have  presented  it  as  a  beginning  from  which  you 
can  progress  to  an  understanding  of  the  many 
other  types  and  designs  of  transistorized  triggered 
circuits. 

19-48.  Gating  circuits.  These  circuits  are  used 
extensively  in  computer  circuits.  They  func- 
tion as  switches  by  making  use  of  open  or  short 
circuits  between  the  emitter  and  collector  of  tran- 
sistors. Transiston  used  in  gating  circuits  may 
be  connected  in  series,  parallel,  or  series-paralleL 
A  large  variety  of  functions  may  be  estabUshed, 
^  depending  on  the  manner  in  which  the  transistors 

are  connected. 

19-49.  Included  in  the  overall  category  qt 
gates  are  the  AND,  OR,  NOT  AND,  and  NOT 
OR  (NOR)  circuits.  The  NOT  refers  to  a  circuit 
design  that  provides  pulse  polarity  inversion.  For 
instance,  ah  inverted  output  from  an  AND 
provides  a  NOT  AND  gate.  Since  these  circuits 
have  the  ability  to  evaluate  input  conditions  and 
respond  with  a  predetermined  output,  they  are 
also  referred  to  as  logic  circuits.  The  circuits  that 
will  be  explained  here  are  typical.  You  may 
find  slight  variations  in  actual  circuits.  Since 
there  are  so  many  variations  possible  in  design- 
ing any  particular  gate  or  combination  of  gates, 
a  general  understanding  is  preferable  at  this  time. 
Having  Mined  a  general  knowledge  of  gating  dr- 
cuits,  y^will  be  better  equipped  for  specific 
circuits  4hat  you  may  find  in  subsequent  chapters 
of  this  course. 

19-50.  OR  and  NOR  gates.  An  OR  gate  has 
more  than  ope  input  but  only  one  output  Simple 
methods  of  obtaining  OR  and  NOR  gates  are 
illustrated  in  figure  121.  We  will  use  this  figure 
in  the  following  explanations  of  OR  and  NOR 
gates. 

19-51.  A  positive  trigger  pulse  applied  to  ei- 
ther of  the  OR  gate  inputs  will  cause  transistor 
Qi  to  conduct  This  will  cause  the  coUeaor  volt- 
(  ^  ^  age  to  go  from  a  high-negative  potential  to  ahnost 
zero  or  ground  potential.  The  input  and  output 
voltage  waveforms  are  illustrated  in  section  A 
of  figure  121.  The  input  signal,  is  applied  to  the 
emitter.  Although  only  two  input  lines  are  shown, 
several  may  be  ustd.  Remember,  only^one 
input  pulse  is  required  to  trigger  an  OR  gate. 
You  should  recognize  this  configuration  as  a  com- 
mon base  with  emitter  input 

19-52.  The  NOR  gate  uses  base  signal  input. 
The  output  is  taken  between  the  collector  and 


ground.  This  is  a  typical  common  emiUer-jXMi- 
figuration.  The  base  is  biased  off  by  the  action 
of  Vbb  and  Rb.  A  signal  input  through  dither 
Ri  or  R3  will  reduce  the  reverse  bias  encvtgh  to 
cause  Q2  to  conduct  if  the  input  signal  is  nega- 
tive. When  Q2  conducts  it  acts  as  a, short  between 
the  top  of  Rr.  and  ground.  The  result  is  phase 
inversion  of  the  signal.  This  signal  output  will 
last  only  as  long  as  the  input  pulse. 

19-53.  The  OR  and  NOR  gates  illustrated  in 
figure  121  are  by  no  means  the  only  circuits  pos- 
sible. But  if  you  understand  the  ones  presented, 
you  can  readily  understand  simple  circuit  varia- 
tions. 

19-54.  AND  and  NOT  AND  gates.  The 
AND  gate  requires  two  or  more  simultaneous 
signal  inputs  of  Uie  proper  polarity  to  trigger  the 
gate  and  causes  an  in-phase  output  The  NOT 
AND  gate  requires  two  or  more  signals  of  the 
proper  polari.ty  to  trigger  tiie  gate  and  causes  an 
inverted-phase  output  signal.  Study  figure  122 
and  refer  to  it  as  you  read  the  following  descrip- 
tion. • . 

19-55.  The  emitter  to  base  bias  of  the  AND 
gate  is  such  that  Qi  is  conducting  when  no  signal  e 
is  applied.  The  circuit  design  is  such  that  a  sin- 
gle input  pulse  will  not  trigger  the  circuit.  It 
takes  two  pulses,  applied  concurrently,  to  over- 
come the  forward  bias.  The  transistor  is  then 
effectively  cut  off.  The  ^^a«stor  will  be  held  at 
cutoff  as  long  as  both  signals  are  applied.  Since 
the  type  of  circuit  illustrated  in  section  A  of  fig- 
ure' 122  is  of  the  common  base  witii  emitter 
'  input,  tiiere  is  no  phase  inversion.  The  represent- 
ative waveforms  are  shown  in  figure  122.  Re- 
moval of  eitiier  input  signal  will  allow  the  tran- 
sistor to  go  back  into  conduction. 

19-56.  The  NOT  AND  gate  does  show  phase 
inversion  between  the  input  signals  and  the  out- 
put signal.  Here  again  tiie  transistor  is  forward 
biased.  Notice  that  this  time  the  transistor  is  used 
in  a  common  emitter  witii  a  base  input  type  of 
circuit.  The  waveforms  for  the  NOT.  AND  gate 
are  illustrated  in  section  B  of  figure  122.  The 
AND  or  NOT  AND  gate  is  also  known  as  a 
coincidence  type  gate. 

19-57.  This  concludes  Chapter  7.  Answer  the 
questions  at  Uie  end.  If  for  any  reason  you  are 
not  confident  in  your  ability  to  understand  or 
discuss  electronic  circuitry,  reread  the  chapter. 
The  material  covered  in  this  chapter  is  inter- 
spersed throughout  Volumes  2  and  3  as  applica- 
tion of  electronics  in  the  equipment  an^lectrician 
maintains.  Anytime  tiie  application  cannot  be 
understood,  refer  back  to  this  chapter  for  the 
basic  operation. 
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CHAPTIR  t 


Application  of  Electron  Tubes 


THIS  CHAPTER  will  cover  the  electron  tube 
and  its  circuitry.  Electron  tubes  and  related 
circuitry  are  presented,  with  emphasis  on  opera- 
tion and  applications.  Operation  is  the  required 
working  circuitry  for  the  electron  tube  which 
allows  it  to  perform  as  a  rectifler,  an  amplifier, 
or  a  regulator.  The  applications  are  the  spiecific 
functions  of  electronic  power  supplies  and  multi- 
stage amplifienr  ncluding  the  use  of  the  CRT. 

2.  At  the  /conclusion  of  this  chapter;  you 
should  be  able  to  understand  and  discuss  the 
basic  operation  of  rectiHcation,  amplification, 
and  regulation  of  electronic  circuits. 

20*  llsttron  TuIms  and  Circuitry 

20-1.  The  ability  of  electron  tubes  to  control 
relatively  large  amounts  If  power  upon  the  re- 
ceipt of  minute  control  signals  allows  thtm  to 
have  a  wide  variety  of  applications  in  aircraft 
electrical  systems.  Although  you  learned  the 
principles  of  operation  of  the  electron  tqbe  in 
school,  let  us  begin  this  discussion  with  a  brief 
review  of  electron  tubes  in  general. 

2(K2.  Electron  Tube  Parts.  The  basic  parts  of 
an  electron  tuSe  are  the  envelope,  the  fQament, 
and  the  plate. 

20-3.  Envelope,  This  unit  may  be  made  of 
metal  or  glass  and  in  a  wide  range  of  sizQS  and 
shapes.  In  vacuum  tubes,  the  envelope  is  com- 
pletely evacuated;  for  others,  it  is  filled  with  an 
inert  gas.  Tubes  having  metal  envelopes  are  in- 
'tended  for  installations  that  yiust  be  shielded 
from  magnetic  interference,  and  they  are  not 
normalJ5L><lic3^  where  high  voltages  are  present, 

20-41  Filament  The  type  of  filament  used  in 
a  tube  aepends  on  the  use  for  which  the  t^ibe  is 
intended.  Tungsten,  in  combhiation  with  tho- 
rium, is  used  for  many  tube  laments;  pure 
tungsten  is  used  mostly  in  high-power  tubes. 

20-5.  Tubes  used  in  lower  voltage  circuits  may 
have  an  oxide-coated  filament.  To  obtain  such  a 
filament,  nicicel  or  platinum  alloys  are  coated 
with  alkaline-earth  oxides  of  metals  such  as 


barium,  strontium,  or  calcium.  Oxides  work  well 
only  in  tubes  that  are  subjectf  d  to  less  than  500 
volts,  because  higher' voltages  will  tear  away  the 
coating. 

^  20-6.  The  cathode,  as  you  recall,  supplies  the 
electrons  necessary  for  operation  of  the  tube. 
When  the  cathode  is  heated  to  the  proper  emis- 
sion temperature,  electrons  are  driven  from  its 
surface.  Cathodes  are  classified  according  to  the 
method  used  for  applying  heat,  which  may  be 
directly  or  indirectly. 

20-7.  A  directly  heated  cathode  is  one  in 
which  the  filament  is  also  the  cathode.  That  is, 
^  the  heated  conducting  wire  gives  off  all  the  nec- 
essary electrons>-Since  most  directly  heated  ox- 
ide-coated filaments  require  comparatively  little 
power,  they  are  often  used  in  tubes  designed  to 
operate  on  battery  power  or  in  portable  equip-  v 
ment. 

20t8.  In  the  indirect  unit,  the  cathode  sur- 
rounds the  heater  filament  (the  source  of  heat), 
and  the  htat  is  conveyed  to  the  cathode  by 
conduction.  The  indirect  heater  is  most  com- 
monly used  in  tubes  that  operate  on  alternating 
current. 

20-9.  Plate,  The  purpose  of  the  plate  is  to 
receive  the  electrons  emitted  by  the  cathode. 
The  plate  is  usually  made  of  nickel,  carbon,  or 
molybdenum.  It  is  designed  to  radiate  'heat  and 
remain  at  a  fairiy  low  temperature  so  that,  it 
absorbs  rather  than  emits  electrons. 

20-10.  Electron  Emission.  The  operation  of  all 
electron  tubes  depends  upon  an  available  supply 
of.^lectrons.  There  are  various  ways  of  emission 
by  which  this  supply  can  be  obtained.  Let  us 
turn  our  attention  to  the  thermiomc-emission 
method  as  a  starter. 

20-11.  Thermionic  emission.  Thermionic  emis- 
sion is  the  process  of  liberating  electrons  from  a 
metallic  emitter  by  applying  heat.  From  earlier 
discussions  you  recall  that  all  substances  contain 
electrons  in  random  motion.  When  heat  is  added, 
energy  is  added  to  that  already  possessed  by  the 
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moving  electrons,  and  their  movement  is  acceler- 
ated 

20-12.  Secondary  lemission.  In  this  type  of 
emission,  electrons  are  detached  from  a  body 
that  is  being  pelted  by  electrons  that  have  been 
emitted  from  a  priinaxy  source.  Whenever  a 
stream  of  high-velocity  electrons  strikes  a  metal- 
lic substance,  they  impart  enough  energy  to  the 
electrons  \(ithin  the  metal  to  enable  them,  in 
turn,  to  b^k  through  the  poteqital  barrier. 

ZO-13.  Photoelectric  emission.  Ligjht  is  an 
electromagnetic  wave  or  a  form  of  energy.  Elec- 
tron emission  takes  place  when  light  strikes  a 
photosensitive  metal;  the  light  energy  frees  elec- 
trons from  the  metal  in  direct  proportion  to  the 
intensity  of  the  light. 

20-14.  Cold-cathode  emission.  In  emission 
;uch  as  this,  electrons  are  pulled  horn  the  cathode 
substances  by  a  strong  electrical  attracting  force. 
The  cold  cathode  method  is  not  commonly  used 
because  of  the  high  voltages  necessary  to  attract 
electrons. 

20-15.  Space  Charge.  Once  liberated,  the 
electrons  travel  about  in  space.  In  electron  tubes 
the  term  "space  charge"  is  restricted  to  the 
charges  that  give  rise  to  an  accumulative  effect 
near,  the  cathode. 

20-16.  When  heat  is  applied  to  the  cathode, 
the  electrons  move  with  increased  velocity  until 
they  break  through  the  surface  of  the  material. 
Electrons  have  little  energy  left  after  they  leave 
the  cathode  because  most  of  it  is  lost  when  they 
pass  through  the  potential  barrier.  The  emission 
itself  is  haphazard,  and  the  electrons  wander  in 
space  in  different  directions.  You  already  know 
that  like  charges  repel  one  another;  therefore, 


the  electrons  that  journey  the  farthest  tend  to 
repel  the  ones  that  .are  closer  to  the  cathode. 
These,  in  turn,  repel  the  electrons  that  are  just 
leaving  the  cathode  surface.  The  net  result  is 
that  near  the  cathode  there  is  a  cloud  of  electrons. 

20-17.  The  space  charge  continues  to  build  up 
until  a  point  of  critical  density  is  reached.  At 
that  time  the  charge  (or  cloud)  can  no  longer 
receive  an  electron  unless  it  forces  one  to  return 
to  the  cathode.  When  this  happens,  the  space 
charge  is  at  the  emission  saturation  point, 

20-18.  This  condition  vanes  with  the  cathode 
temperature  ranges.  An  increase  in  cathode 
temperature  raises  the  velocity  of  the  emitted 
electrons;  these  new  ones  then  enter  the  space 
charge  and  make  it  more  dense  until  the  field 
strength  can  offset  their  increase^l  velocity.  At 
this  point  a  new  level  of  emission  saturation  is 
reached.  You  can  see,  therefore,  how  the  space 
charge  enables  us  to  control  the  emission  of  elec- 
trons. A  second  electrostatic  field  exists  between 
the  space  charge  and  the  plate.  Since  electrons 
are  negative,  the  plate  which  is  to  absorb  them 
must  be  positive  in  relation  to  the  cathode,  how- 
ever, the  space  charge  between  the  two  units 
tends  to  retard  the  emitted  electrons.  Knowing 
these  conditions,  you  can  conclude  that  the  at- 
tracting force  of  the  positive  plate  acts  on  the 
electrons  in  the  space  charge  rather  than  direcdy 
on  those  that  are  leaving  the  cathode.  Thus,  the 
plate  has  either  some  excess  positive  charges  or 
a  deficiency  of  electrons.  Actually,  the  electrons 
move  from  the  cathode  to  the  space  charge  and 
from  there  to  the  plate  without  changing  the 
density  o^  the  space  charge.  But  how?  Each 
time  an  electron  is  absorbed  by  the  plate,  another 
one  leaves  the  cathode  to  maintain  tbe  emission 
saturation.  Because  of  this  action,  the- directed 
movement  .of  electrons  .can  be  described  as  the 
flow  of  plate  current  between  the  cathode  and 
the  plate,  and  then  thipugh  the  rest  of  the  system. 

20-19.  Just  as  the  temperature  of  the  cathode 
affects  the  number  of  electrons  being  emitted,  so 
does  the  positive  plate  voltage  control  the  num- 
ber of  electrons  entering  the  plate  from  the  space 
charge.  For  a  given  value  of  plate  yoltage  and  a 
constant  cathode  temperature,  a  fixed  number  cf 
electrons  are  drawn  in  from  the  , space  charge. 
This  yields  a  current  which  is  measured  in  am- 
peres (or  milliamperes).  Any  change  in  the 
plate  voltage  varies  the  rate  of  electron  flow  and 
the  resulting  plate  current.  When  the  voltage  is 
high,  all  of  the  electrons  passing  from  the  cathode 
enter  the  space  charge  and  go  directly  to  the 
plate.  This  sets  up  a  condition  wherein  the  plate 
and  the  emission  currents  are  equal.  If  there 
were  no  space  charge,  a  very  low  voltage  on  the 
plate  would  result  in^extremely  high  values  of 
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Figure  124.   Diode  operation  u  a  half-wave  rectifier. 

current  and  a  short  emitter  life.  To  prevent  this, 
the  cathodes  in  most  tubes  are  designed  to  emit  a 
surplus  of  electrons.  When  the  plate  voltage  is 
low,  the  emitted  electrons  nearest  the  cathode  are 
forced  baclc  to  it  by  the  accumulation  of  electrons 
that  are  a  little  farther  away  from  the  cathode. 
At  the  same  time,  the  plate  attracts  only  those 
electrons' that  are  nearest  to  it  For  intermediate 
values  of  plate  potential,  the  space  charge  in  the 
vicinity  of  the  cathode  is  reduced  by  the  attrac- 
tion of  more  electrons  to  the  positively  charged 
plate.  From  this,  you  can  see  'that  particular 
manufacturing  features  based  oq  the  use  of  space 
charge  sives  tubb  definite  operating  character- 
istics. Jl 

2(^dro.  Vacnom  lUbes.  To  begin,  let  us  ex- 
plain certain  characteristics  that  apply  to  vacuum 
tubes. 

20-21,  Characteristics.  In  a*  vacuum  tube,  as 
previously  stated,  a  definite  relatipnship  exists 
between  the  plate  voltage  and  the  plate  current 
There  is  also  a  relationship  between  the  cathode 
temperature  and  electron  emission,  which,  as  you  ^ 
have  learned,  establishes  the  characteristics  of  a 
particular  tube.  These  characteristics  may  be 
quite  different  from  those  of  a  tube  designed  for 
another  purpose;  you  can  clearly  determine  what 
they  arp  by  graphs  known  as  characteristics 
curves.  For  simplicity,  you  can  regard  these 
curves  as  charts  of  cause  and  effect  plotted  within 
,  the  boundaries  of  two  reference  lines  which  serve 
as  scales  to  indicate  the  various  units  of  measure* 
ment  (volts,  ohms,  amperes). 

20-22.  Figure  123  illustrates  what  has  just 
been  said.  The  vertical  reference  line  indicates 
the  amount  of  plate  current  in  t^s  of  nulllam- 
peres  (ma),  and  the  horizontal  one  denotes  the 
plate  voltage.  At  the  zero  pointy  the  plate  cjirrent 
""is  cut  off.  By  placing  a  10-volt  potential  on  the 
plate,  a  plate  cunent  of  5.6  ma  is  obtained.  This 
information  is  supplied  by  the  tube  manufacturer 
in  thQ  form  of  the  characteristic  curve.  As  re- 
vealed in  the  figure,  you  construct  a  vertical  line 
from  the  10*voIt  marker  on  the  l\orizontal  axis 
unto  it  intenects  the  curve;  then  draw  a  horizon- 
tal line  from  the  point  of  intersection  ^to  the 
vertical  axis.  A  step-up  of  plate  voltage  from  10 


to  24  volts  changes  the  plate  current  from  5.6 
ma  to  10.6  ma,  as  shown  by  the  second  set  of 
vertical  and  horizontal  lines.  By  using  the  same 
curve,  you  can  determine  plate  voltap  values 
for  Imown  values  of  current 

20-23.  So  far,  the  tubes  that  have  been  dis- 
cussed contain  only  two  elements,  a  plate  and  a 
cathode.  Such  units  are  known  as  diodes.  As 
more  elements  (electrodes)  are  added,  the  tubes 
are  known  successively  as  triodes,  tetrodes,  pen- 
todes, and  so  on  down  the  line  of  Greek  prefixes. 
The  diode,  of  course,  is  the  fint  and,  therefore, 
the  simplest  in  ponstruction. 

20-24.  Diode  tubes.  One  of  the  most  common 
uses  of  the  diode  tube  is  to  rectify,  which  means, 
as  you  know,  to  convert  AC  to  DC.  To  see  how 
this  is  done,  turn  your  attention  to  figure  124. 
Observe  that  when  the  AC  power  supply  is  on 
the  positive  alternation  of  the  sine  wave  <shown 
at  the  left)  the  plate  has  a  positive  potential 
applied  and  the  cathode  a  negative  one.  From 
the  previous  discussion,  you  know  that  such  con- 
ditions are  necessary  for  the  tube  to  operate. 
As  the  plate  voltage  increases,  so  does  the  plate 
current  At  the  highest  point  on  the  AC  sine 
wave,  the  plate  has  the  greatest  potential  and 
cunent  The  current  drops  to  zero  with  the  de- 
crease in  the  positive  alternation  because  of  the 
loss  of  the  attracting  force  in  the  plate.  On  the 
negative  alternation  nothing  happens,  for  in  this 
stat6'  the  polarities  do  not  lend  themselves  to 
conduction  \yithin  the  tube.  ^  Then,  there  is  an- 
other positive  alternation  that  reestablishes  the 
positive  plate  and  negative  cathode,  and  current 
flows  again.  In  effect  the  negative  alternation 
has  been  eliminated.  A  diode  tube  used  for  this 
purpose  is  called  a  half-wave  rectifier. 

20-25.  Diode  tubes  may  be  combined  to  pro- 
vide full-wave  rectification,  or  a  dual-diode  tube 
may  be  used. 

20-26.  Dual  diodes.  The  dual  diode  is  a  sin- 
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Figuie  126.   Triode  schematics. 


gle  tube  containing  two  sections,  each  being  the 
equivalent  of  one  diode. 

20-27.  Dual  diodes  (A  and  B,  fig.  125)  con- 
tain two  plates,  though  they  may  have  one  or 
two  cathodes  and  heater  filaments.  This  depends 
upon  the  circuits  for  which  the  tube^  areu  de- 
signed. 

20-28.  Remember  that  the  simple  diode  con- 
ducts only  when  the  plate  is  positive  and  the 
cathode  is  negative.  The  dual  diode,  on  the 
other  hand,  has  the  proper  polarities  in  one  of  its 
sections  during  each  alternation  of  the  power 
supply.  First  one  section  and  thcn^  the  other 
conducts  the  successive  alternations.  In  this  situ- 
ation, as  you  would  expect,  the  dual  diode  is  a 
full-wave  rectifier. 

20-29.  Triode  tubes.  In  a  triode,  the  cathode 
and  the  plate  retain  their  functions  as  a  source  of 
electrons  and  a  collector  of  electrons.  In  the 
space  between  them,  and  located  closer  to  the 
cathode,  is  the  control  grid.  This  third  element, 
as  shown  in  figure  126,  appears  m  schematics 
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as  either  a  zigzag  or  a  dashed  line,  and  it  is 
distinguished  from  other  grids  by  the  capital  let- 
ters  "G"  or  "CG." 

20-30.  Briefly,  the  purpose  of  the  control  grid 
is  to  govern  the  movement  of  electrons  between 
the  cathode  and  the  plate,  thereby  controUmg 
the  instantaneous  plate  cunent  flowing  through 
the  tube.  As  previously  mentioned,  the  plate 
voltage  determines  the  number  9f  electrons  at- 
tached to  it  What,  then,  is  the  electrical  differ- 
ence between  the  triode  and  the  diode?  Essen- 
tially, the  diode  changes  AC  to  a  pulsating  DC. 

ej'a'vpttagen^nrthcrgrid  can  vary  the 
plate  current  when  the  voltage  applied  to  the 
plate  is  held  constant 

20-31.  The  polarity  and  the  amount  of  vbhagc 
on  the  diode  plate  results  in  a  one-direction  flow 
of  pulsating  plate  current  In  the  triode,  the 
applied  DC  voltage  is  obtained  from  a  constant 
source  like  that  from  a  dual  diode.  The  effect  of 
a  positive  plate  voltage  in  a  triode  can  be  over- 
come by  the  application  of  the  proper  amount  of 
negative  voltage  to  the  grid.  (This  plate  voltage 
often  runs  as  high  as  SOOO  volts.)  From  what 
has  been  stated,  you  might  be  led  to  believe  that 
the  grid  acts  as  a  valve.  Although  the  grid  is 
often  referred  to  as  a  valve,  the  term  is  not  fully 
descriptive.  Nevertheless,  the  valving  action  is 
important  because  it  is  the  basis  for  many  func- 
tions of  a  triode,  especially  its  ability  to'  deliver  a 
stronger  signal  than  it  receives.  This  process  is 
called  amplification,  and  it  will  be  discussed  in 
detail  in  another  section  of  this  volume. 

20-32.  The  triode  is  a  thermionically  heated 
electron  tube  in  which  a  space  charge  is  de- 
veloped between  the  cathode  and  the  grid,  as 
shown  in  figure  127.  (The  small  circles  represent 
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127.   Triode  tube  with  ctthode  and  grid  potential 
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Figure  128.   Negative  grid  with  respect  to  cathode. 
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Fisure  129.   Schematic  tube  symbol  for  a  tetrode. 

the  control  grid,  which  is  wound  around  the 
cathode.)  When  a  positive  voltage  is  applied  to 
the  plate,  the  electrostatic  field  that  is  formed 
(shown  by  the  arrows)  draws  the  electrons  to- 
ward the  plate.  So  far,  the  action  of  the  triode 
differs  little  from  that  of  the  diode. 

20-33.  If  a  small  battery  or  other  soiirce  of  a 
DC  power  supply  is  introduced  into  the  assembly 
(see  fig.  128),  the  grid  can  be  made  negative 


with  respect  to  the  cathode.  With  voltage  ap- 
plied to  both  the  plate  and  the  grid,  two^  electro- 
static fields  are  produced  within  the  tube.  One 
attracts  electrons  to  the  positively  charged  j)late; 
the  other  (the  field  of  the  negatively  charged 
grid  side  that  faces  the  cathode)  restores  elec- 
trons to  the  space  charge,  and  in  this  manner 
reduces  the  number  of  electrons  that  advance  to 
the  plate.  The  movement  of  electrons  to  the 
plate  through  the  grid^openings  is  controlled  l^- 
the  predominant  electrostatic  field. 

20-34.  The  application  of  a  positive  voltage 
to  the  triode  grid  cduses  the  electrons  to  be 
accelerated  in  their  travel  to  the  plate  and  results 
in  an  increase  of  plate,  current.  When  AC  is 
applied  to  the  grid,  it  becomes  positive  at  lone 
instant  and  negative  the  next.  Thus,  a  variation 
in  plate  current  occurs  as  the  AC  grid  signal 
varies.  The  output  current  in  the  plate  circuit 
will  still  be  direct,  but  of  fluctuating  amplitude. 

20-35.  The  change  in  plate  current  for  a 
given  signal  voltage  depends  upon  the  tube  and 
its  purpose.  The  theoretical  relations'  develpped 
for  a  triode  will  apply  equally  well  to  tet)^es. 
and  pentodes.  Therefore,  it  will  be  necessary  to 
consider  here  only  the  effects  of  the  additional 
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Figure  130.  Physical  construction  and  schematic  symbol  for  raeul  type  pentode. 
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electrodes  as  we  study  the  current  flow  to  the 
plate. 

20*36.  Tetrode.  The  tetrode  tube  contains  all 
die  electrodes  of  a  triode  and,  in  addition,  a 
fourth  electrode  called  the  screen  grid.  The 
screen  grid  was  added  to  the  electron  tube  to 
decrease  the  capacitance  between  the  control 
grid  and  the  plate. 

20-37.  The  construction  of  a  tetrode  is  very 
similar  to  that  of  a  triode/except  for  the  screen 
grid.  The  screen  grid  is  located  between  the 
control  grid  and  plate,  as  shown  in-figsreyl  29. 
The  shape  of  the  grids  in  te^^de  tubes  varies; 
however,  the  functioning  of/me  electrodes  is 
fundamentally  the  same  regardless  of  shape. 

20«38.  Pentode,  The  pentode  tube  contains 
all  of  the  elcctrodjJS'Di-the^etrode  and,  in  addi- 
tion, a  fifth  elec^ode  called  the  suppressor  grid. 
The  suppressor  grid  is  placed  between  the  plate 
and  the  screen  grid  to  elimm^te  the  effects  of 
secondary  emission. 

20«39»  Secondary  emissKm  effects  restrict  a 
tetrode  to  those  amplifier  circuits  with  high  plate 
voltage.  Removal  of  this  limitation  would  permit 
the  tube  to  have  wider  usage.  This  was  made 
possible  by  the  suppressor  grid  placed  between 
the  screen  grid  and  plate.  Thus,  the  pentode — 
with  cathode,  control  grid,  screen  grid,  suppressor 
grid,  and  plate — came  into  being.  / 

20-40.  The  pentode  is  a  S-electrode  electron 
tube.  It  contains  an  emitter,  three  grids,  and  a 
plate.  The  grid  closest  to  the  cathode  is  the 
control  grid,  Gl;  next  is  the  screen  grid,  G2; 
and  the  third,  located  between  the  screen  grid 
and  m^t  plate,  is  the  new  suppressor  grid,  G3. 
The  pentode  symbol  is  shown  in  figure  130. 
There  are  other  Icinds  of  tubes,  however,  in 
which  the  flow  of  ciirrent  is  through  a  relatively 
dense  gas» 

20-41.  Gas-FOled  Tabts.  In  tubes  of  this  type, 
the  gas  is  about  one  ten-thousandth  as  dense  as 
air  under  normal  atmospheric  pressure.  When 
an  electron  collides  with  a  gas  molecule,  the 
energy  imparted  by  the  impact  can  cause  the 
molecule  (or  atom)  to  lose  or  gain  one  or  more 
electrons.  The  result  is  ionization.  Any  gas  or 
vapor  having  no  ions  is  practically  a  perfect  insu- 
lator. If  two  electrodes  are  placed  in  such  a 
medium,  no  current  will  fiow  be^een  them. 
However,  gases  always  have  some  residual  ioni- 
zation because  of  cosmic  rays,  radioactive  mate- 
rials in  the  walls  of  the  container,  and  the  action 
of  light.  If  a  potential  is  applied  between  two 
elements  in  such  a  gas,  the  ions  migrate  between 
them  and  give  the  effect  of  current  fiov^  This' is 
called  the  dark  current  because  no  visible  light  is 
associated  with  it.  Its  value  is  about  1  ma. 

20-42.  If  the  voltage  on  the  electrodes  is  in- 


creased, the  current  starts  to  rise.  At  a  certain 
point  known  as  the  threshold  (usually  about  2 
.ma),  the  cunent  suddenly  begins  to  go  up  with- 
out any  increase  in  applied  voltage.  If  there  is 
enough  resistance  in  the  external  circuit  to  pre- 
vent the  current  from  rising  quickly,  the  voltage 
immediately  drops  to  a  lower  value  and  break- 
down occurs.  This  abrupt  change  takes  place  as 
a  result  of  the  lonizafion  of  The  gas  by  electron 
collision.  The  electrons  released  by  the  ionized 
gas  join  the  stream  and  liberate  other  electrons. 
The  process,  then,  is  cumulative.  Breakdown 
voltage  is  determined  primarily  by  the  type  of 
gas,  the  materials  used  for  the  electrodes,  and 
their  size  and  spacing.  Once  ionization  takes 
place,  the  current  can  rise  to  SO  ma  or  more 
with  little  change  in  the  voltage  applied.  If  the 
voltage  is  raised,  the  current  increases  and  the 
cathode  is  heated  by  the  bombardment  of  the 
ions  that  strike  it.  When  the  cathode  gets  hot 
enough,  thermionic  emission  results.  This  emis- 
sion reduces  the  voltage  loss  in  the  tube,  which, 
in  turn,  causes  more  current  to  flow  and  increases 
the  rate  of  emission  and  ionization.  This  cumula- 
tive action  jjoyolves  a  sudden  decrease  in  the 
voltage  loss  across  the  tube  and  a  current  rise  to, 
an  extremely  high  value.  Unless  the  tube  is 
specifically  designed  to  operate  in  this  manner, 
it  can  be  destroyed  by  the  heavy  current  flow. 

20-43.  The  condition  just  described  is  basic  to 
the  formation  of  an  arc;  therefore,  tubes  that 
operate  at  these  high  currents  are  called  arc 
tubes.  For  currents  up  to  SO  ma,  the  unit  usually 
is  small  and  is  termed  a  glow  tube  because  of  the 
colored  light  it  emits.  An  example  of  such  a  tube 
is  the  familiar  neon  light. 

20-4^  In  the  gas-filled  tubes,  you  wiUfin^the 
diode  type,  just  as  you  do  in  vacuum  tubes. 

20-4S.  Gas  diodes,  A  unit  that  contains  two 
electrodes  in  a  gaseous  medium  (helium,  neon, 
mercury  vapor)  is  called  a  gas  diode;  these  ele- 
ments, as  in  vacuum  tubes,  are  called  the  plate 
and  the  cathode.  The  cathode  in  a  gas  diode 
can  be  an  electrode  similar  to  the  plate  in  a 
vacuum  tube,  or  it  may  be  a  thermionic  emitter. 
The  former  design  is  known  as  a  cold  cathode 
and  the  other  as  a  hot  cathode. 

20-46.  The  gas  diodes,  like  the  vacuum  ones, 
are  also  used  as  rectifiers.  However,  gas  recti- 
Hers  are  able  to  pass  much  greater  currents  than 
high-vacuum  tubes  because  of  the  ionization  of 
the  gas  within  the  eilvelope.  The  ions  make  it 
unnecessary  to  rely  on  the  electrons  proiduced  by 
the  filament,  which  is  used  merely  to  start  ioniza- 
tion of  the  gas.  Actually,  the  filament  heat  va- 
porizes a^  small  amount  of  mercury  in  the  mercury 
vapor  tubes.  Because  of  their  low  voltage  loss, 
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Figure  131.   VR  tube  drcu^ 

they  have  a  high  efficiency  in  power  rectification, 
which,  in  some  instances,  easily  approaches  99 
percent.  Since  the  loss  does  not  vary  with  a 
changing  load,  as  is  the  case  in  vacuum  types, 
the  gas  tube  gives  better  voltage  regulation, 

20-47.  Voltage  regulators  are  circuits  de- 
signed to  maintain  the  output  voltage  of  a  po^r 
source  at  a  constant,  predetermined  level,  even 
though  the  input  voltage  or  the  load  varies. 

20-48.  VR  tubes.  As  you  recall  from  your 
study  of  gas  tubes,  a  VR  tube  has  a  constant 
voltage  drop  acrbss  it  if  the  current  is  held  within  ^ 
limits.  In  the  circuit^shown-jn  figure  131,  the' 
output  voltage  is  regulated  by  the  VR  150-30 
tube  at  ISO  volts  as  long  as  the  current  through 
the  tube  does  not  exceed  30  ma.  A  minimum 
current  of  5  ma  must  be  maintained  to  keep  the 
tube  from  extinguishing.*  In  other  words,  the 
current  through  ^e  tube  must  be  maintained 
between  5  ma  and  30  ma  to  keep  the  output 
voltage  regulated. 

20-49.  By  proper  selection  of  limiting  resistor 
R,  the  output  voltage  is  maintained  at  ISO  volts 
regardless  of  changes  in  input  voltage  from  the 
rectifier  or  of 'changes  in  load.  If  the  input  volt- 
age rises,  more  current  flows  thrQ|©i  the  VR 
tube  and  a  greater  voltage  drop  odcurs  across  R. 
This  greater  voltage  drop  keeps  the  voltage  across 
the  load  Ri  constant.  A  decrease  in  input  voltage 
causes  a  smaller  voltage  drop  across  R  and  so 
keeps  the  output  voltage  constant.  A  change  in 
load  is- compensated  by  a  change  in  current  flow** 
ing  thrpugh  the  VR  tube.  This,  in  turn,  keeps 
the  voltage  drop  across  R  constant  and,  therefore, 
maintains  a  constant  output  voltage. 

20*50.  One  of  the  major  disadvantages  of 
VR  tubes  is  their  comparatively  low-voltage 
rating.  This  disadvantage  may  be  overcome  by 


connecting  several  VR  tubes  in  series  as  jhown 
in  figure  132.  This  circuit  provides  for  three 
regulated  voltages,  which  are  330  volts  from  A 
to  ground,  180  volts  from  B  to  ground,  and  75 
volts  from  C  to  ground.  Note  that  a-  limiting 
resistor,  R,  is  used  also  in  this  circuit  to  keep 
the  current  flowing  through  the  tubes  between  5 
ma  and  30  ma. 

20-51.  In  the  previous  section  you  learned 
how  grid  control  is  affected  in  vacuum  tubes; ' 
now  you  will  see  how  it  works  with  gas  tubes. 

20-52.  Thyratrbm.  The  principle  of  grid  con- 
trol can  be  applied  to  almost  any  gas  tube,  but  it 
is  used  specifically  with  cold  cathode,  hot  cath- 
ode,- and  arc  types  of  triodes  and  tetrodes.  ,A11 
are  given  the  general  name  of  thyratron. 

20-53.  With  voltage  on  the  grid,  the  voltage  at 
which  breakdown  occurs  can  be  regulated.  The 
grid,  which  shields  the  plate  surface  before 
breakdown,  is  located  close  to  the  plate"^  to  pre- 
vent discharge.  Then,  should  a  discharge  take 
place,  it  would  be  Only  in  the  unimportant  dark- 
current  range.  In  these  tubes,  thV^piate  supply 
voltage  exceeds  the  plate-cathode  breakdown 
^vohage,  and  the  grid  remains  either  zero  or  neg- 
ative with  respect  to  the  cathode.  Under  these 
conditions  there  is  no  breakdown. 

20-54.  If  ttie  grid  voltage  is.  raised,  there  is 
'  breakdown  between  the  grid  and  the  cathode. 
This  action  causes  all  of  the  gas  in  the  tube  to  be 
ionized,  and  the  discharge  continues  with  plate- 
cathode  cuirent  flow.  A  resistance  placed  in 
series  with  the  grid  limits  its  current  on  Sreak- 
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Figure  132.    VR  tubes  in  scries. 
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down  to  a  safe  valued  After  breakdown  the  grid 
is  unable  to  control  the  discharge.  To  reestablish 
grid  control,  the  plate  potential  must  be  reduced 
until  the  cathode-plate  discharge  disappears. 

20-55,  In  gas' tubes,  either  hot-  or  cold-cath- 
ode fission  can  be  used  instead  of  directly 
heating  the  filament  as  with  vacuum  tubes, 
which  function  primarily  through  the^  thermionic 
method. 

20-56.  The  next  part  of  this  section  discxisses 
the  principles  of  operation  of  the  cathode-ray 
tube,  which  is  used  in  the  oscilloscope,^  one  of 
the  most  important  items  of  test  equipment  you 
use. 

20-57.  Cattiode-Ray  Tabc  (CRT).  This  tube 
is  the  very  heart  of  the  oscilloscope.  It  is  a  large 
vacuum  tube  shaped  like  a  funnel;  that  is,  long, 
conical,  and  flared  at  one  end.  The  small  end 
.fits  into  a  socket  and  is  equipped  with  the  re- 
quired number  of  contacts  for  the  electrical  con-- 
trols.  The  large  end  of  the  tube  serves  as  the 
screen.  When  this  tube  is  installed  in  an  oscillo- 
scope, you  see  only  the  screen  end  because  the 
barrel  and  socket  base  are  hidden  deep  within 
the  case  of  the  scope. 

20-58.  If  you  were  to  slice  the  cathode-ray 
tube  in  half  lengthwise,  it  would  look  something 
like  the  drawing  in  figure  133.  The  inside  of 
the  screen  is  painted  or  coated  with  a  fluorescent 
substance  f  one  which  gives  off  light  when  struck 
by  electrons)  so  that  a  visible  indication  may  be 
obtained.  Willemite  is  used  for  the  coating  of 
the  screen  because  of  the  soft  green  light  it  emits 
when  bombarded  by  electrons.  Other  fluorescent 
substances,  such  as  cadmium  tungstate  or  zinc 
sulphide,  may  be  used  for  the  same  purpose. 
One  of  the  principal  factors  delcnnining  the  ma- 
terial chosen  for  the  screen  coating  is  the  per- 
sistency  of  the  material.  The  persistency  of  the 
screen  coating  determines  how  long  a  spot  wiU 
remain  visible  after  an  electron  has  hit  the 
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Figure  134.    Parts  oLan  electron  gun. 

screen.  Most  oscilloscopes  use  a  screen  of  low 
persistency  so  that  the  image  disappears  soon 
after  the  electron  beam  has  moved  on. 

20-59.  At  the  left-hand  end  of  ^e  tube,  you 
will  notice  the  electron  gun  is  an  assembly  con- 
sisting of  the  cathode,  filament,  grid,  first  anode, 
and  second  anode.  Directly  to  the  right  of 
the  electron  gun  are  two  pairs  of  deflection 
plates.  One  pair — the  vertical  deflection  plates — 
is  mounted  in  a  horizontal  plane,  and  the  second 
pair  is  mounted  in  a  vertical  plane  and  provides 
horizontal  deflection  of  the  electron  .beam. 

20-60.  The  electron  gun.  The  five  parts  of 
this  gun  act  together  to  shoot  a  stream  of  elec- 
trons Against  the  fluorescent  screen  of  the  cath- 
ode-ray tube  (CRT).  The  gunlike  action  of 
shooting  a  stream  of  electrons  gives  this  unit  its 
name.  Figure  134  shows  the  arrangement  (in 
cross  section)  of  the  parts  of  an  electron  gun. 

a.  Filament  and  cathode.  The  filament  and 
the  cathode  form  a  single  unit.  In  the  figure, 
the  cathode  appears  as  a  small  metal  coiitainer; 
one  end  is  open  to  permit  the  entry  of  the  fila- 
ment. The  other  end  of  the  cathode  is  shaped 
like  a  cup;  it  is  filled  with  barium  oxide  or 
thorium  oxide.  Use  of  these  compounds  increases 
the  number  of  electrons  that  will  be  given  off  by 
the  heated  cathode.  The  filament  is  prevented 
from  touching  the  sides  of  the  cathode  by  a 
plasterlike  insulating  material.  When  the  cathode 
is  heated  by  the  filament,  electrons  are  boiled 
out  of  the  barium  oxide  or^thorium  oxide  to 
form  a  cloud  or  space  charge  ^around  the  cathode. 
^^_^Grid^^,^e  grid  resembles  a  tin  can  that 
hasbccfi^  slipped  over  the  end  of  the  cathode. 
A  hole  in  one  end  of  the  grid  provides  a  passage- 
way through  which  the  electrons  move  toward 
the  first  anode.  This  element  regulates  the  num- 
ber of  electrons  that  strike  the  fluorescent  screen. 
The  regulation  results  from  making  the  grid  neg- 
ative with  respect  to  the  cathode.  A  very  nega- 
tive grid  will*  permit  some  electrons  .to  pass 
through  the  grid  opening.  This  means  that  by 
varying  the  amount  of  negative  potential  on  the 
grid,  the  intensity  or  brilliance  of  the  image  on 
the  fluorescent  screen  can  be  controlled. 

c.  First  and  second  anodes.  The  first  anode  is 
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Figure  135.   Electron  gun  potcntith. 

a  small  can  that  has  a  hole  punched  in  the 
center  of  each  end.  The  second  anode  is  a  larger 
can  having  one  end  cut  away  and  a  hole  punched 
in  the  center  of  its  opposite  end.  Both  anodes 
fociis  the  electrons  into  ^  sharp,  fast-moving 
stream.  When  the  electrons  leave  the  cathode, 
they  are  slow  moving  and  their  direction  is  not 
defined.  The  two  anodes  work  as  a  unit  tp 
ioaa  this  cloud  of  sluggish  electrons  into  a  sharp, 
fast-moving  beam.  They  do  this  in  much  the 
same  way  that  a  lens  focuses  the  beam  of  a 
"flashlij^tr  ~ — ^  — —  _  

20-61.  Electron  gun  potentials.  Except  for  the 
second  anode,  whose  potential  is  ground  or  zero, 
all  of  the  elements  of  the  electron  gun  are  a^ 
negative  potentials. 

20-62.  Figure  135  shows  resistors  Ri,  Rg,  Rt, 
and  R4  forming  a  bleeder  for  a  high-voltage 
power  supply.  Note  that  the  positive  end  of  the 
bleeder  is  grounded.  This  brings  up  the  subject 
of  relative  potentials  and  what  must  be  done  to 
all  the  other  potentials  along  the  bleeder  when 
the  positive  terminal  of  a  bleeder  is  grounded. 

20-63.  Reading  from  right  to  left  in  figure 
135,  the  highest  negative,  pptential  is  at  point  A. 
Reading  from  left  to  right  the  highest  positive 
.  potential  is  at  point  E.  Therefore,  E  is  a.  higher 
positive  point  than  D;  t)  is  a  higher  jpositive 
point  !)^|rC;  C  is  higher  ihan  B;  and  B  is  hi^er 
than  A.  You  should  recall  from  the  previous 
discussion  of  vacuum  tubes  tnat  electrons  always 
move  toward  the  highest  positive^  potentials. 
These  changes  are  given  off  by  the  cathode 
which  is  connected  to  point  B.  Because  the  fust 
anode  is  connected  to  a  i>omt  of  higher  positive 


^tential,  electrons  will  move  from  the  cathode 
toward  that  particular  anode. 

20^.  The  second^  anode  is  connected  to  a 
point  (E)  which  has.  a*  higher  positiv#  potential 
than  the  first  The  difference  in  potential  be- 
tween the  two  anodes  is  from  the  first  toward  the 
second  anode.  Bectrons  arriving  at  the  first 
anode  from  the  cathode  are  cau^t  in  this  electro- 
static field  and  whipped  forward  througjh  the 
openings^in  the  anodes  at  an  ever-increasing  rate. 
By  the  time  the  electrons  reach  the  opening  in 
th6  second  anode,  they  are  tiaveling  fast  enougji 
to  be  thrown  the  length  of  the  tube,  where  they 
strike  against  the  Quorescent  screen. 

20-65.  The  greater  the  difference  in  potential 
between  the  anodes,  the  stronger  the  electrostatic 
field.  The  stronger  the  field,  the  faster  the  move- 
ment of  the  electrons  toward  the  fluorescent 
screen.  You  can  increase  the  strength  of  the 
electrostatic  field  by  moving  the  focus  control 
(R2)  toward  point  C.  This  not  only  makes  the 
first  anode  more  negative,  it  also,  in  effect, 
makes  the  second  anode  more  positive.  Increas- 
ing the  difference  in  potential  between  the 
anodes  squeezes  the  electrons  into  a  narrower 
and  sharper  beam. 

20-66.  K  the  focus  control  (R2)  is  moved 
toward  point  D,  the  difference  in  potential  be- 
tween the  anodes  is  ralticed.  This  reduces  the 
strength  of  the  electrostatic  field,  and  the  beam 
striking  the  fluorescent  screen  Ibecomes  thick  and 
fuzzy. 

20-67.  Operation  of  the  gri^.  Lo<)k  at  figure 
135  again.  Note  that  the  grid  is  connected  to  a 
point  that  is  more  negative  than  the  .cathode. 
Electrons  leaving  the  cathode  must  pass  this  nega- 
tive grid  before  they  can  get  to  the  first  anode. 
If  the  grid  is  slightly  negative,  only  a  few  elec- 
trons will  be  repelled  toward  the  cathode;  most 
of  them  will  get  through.  If  the  grid  is  made 
progressively  more  negative  by  moving  the  in- 
tensity control  (R4)  tgward  point  A,  fewer  and 
fewer  electrons  will  be  able  to  get  through  the  grid 
opening.  Finally,  when  the  grid  reaches  its  maxi- 
mum negative  value,  none  of  the  electrons  will 
be  able  to  get  through. 

20-68.  Making  the  grid  more  negative  reduces 
the  intensity  of  the  image  on  the  flourescent 
^  screen.  You  can  make  the  grid  so  negative  that 
no  image  will  be  visible.  Normally,  you  make 
the  grid  potential  barely  negative  enough  to  hold 
back  part  of  the  electron  stream.  If  you  want  to 
brighten  the  spot,  reduce  the  negative  potential 
by  turning  up  the  intensity  control.  Never  make 
the  spot  any  brighter  than  is  necessary;  doing  so 
can  damage  the  screen. 

20-69.  The  deflecting  plates.  To  produce  the 
movement  of  the  electron  beam  over  the  entire 
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^  Fipm  136.  ^  Vertical  deflection  of  the  electroo  beam. 

screen  surface,  two  pairs  of  deflectioDi  plates  jare 
used.  Referring  to  figure  133,  notd  thjt/the 
plates  are  located  to  the  right  of  the  secbnd  aiiode 
in  such  a  position  that  tljie  electron  beam  passes 
through  the  square  opening  formed  by  the  four 
plates.  \ 

20-70.  The  plates  are  named  in  accoitiance 
with  the  dir^tion  in  which  they  cause  tbe^^eam 
to  move.  That  is,  the  horizontal  deflection '^ates 
move  the  beam  across  the  ^een  in  a  horizontal 
direction,  and  the  vertical  deflection  plates  move 
the  -spot  up  or  down  in  a  vertical  direction. 

20-71.  So  that  voltages  can  be  applied  directly 
to  the  deflection  plates,  connections  or  binding 
posts  on  the  outer  side  (or  the  back)  of  the 
scope  are  in  c^^rect  cont&ci  with  the  deflection 
plates.  The  connections  on  the  back  are  usually 
moved  from  then*  normal  position  before  they 
are  used.  For  the  vertical  deflection  plates,  the 
ground  connection  is  attached  to  the  bottom  verti- 
cal plate  and  the  other  connection  is  attached 
to  the  top  deflection  plate.  If  a  DC  voltage  is 
impressed  across  these  connections  with  the  nega- 
tive side  to  ground,  the  bottom  vertical  deflection 
plate  will  be  negative  and  the  top  plate  positive. 

20-72.  Since  the  top  plate  is  positive,*^  it  will 
attract  the  electron  stream.  On  the  other  hand, 
the  bottom  plate,  which  is  negative,  will  repel 
the  electron  stream.  This  condition  causes  the 
beam  to  be  bent  upward  as  it  passes  between 
the  plates  so  that  it  produces  a  dot  on  the  screen 
at  some  point  above  its  center.  This  is  illus- 
trated m  figure  136.^  If  the  applied  voltage  is 
reversed,  the  beam  is  bent  downward  so  that  the 
dot  appears  below  the  center  of  the  screen.  So, 


Figure  137.   Horizonul  deflection  of  the  electron 
beam. 


you  see  that^one  function  of  the  oscilloscope  is 
to  determine  the  polarity  of  an  unknown  voltage. 

20-73.  You  have  just  learned  the  effect  of 
polarity  on  the  position  of  the  dot.  But  how  does 
a  variation  in  the  amount  of  potential  difference 
between  the  plates  affect  the  position  of  the  dot? 
With  twice  as  much  voltage  applied  to  the  vertical 
deflection  plates  as  was  used  before,  you  will 
find  that  the  dot  moves  twice  as  far  from  its 
center  position.  '  If  the  voltage  is  increased,  the 
dot  will  move  farther  from  the  center  of  the 
saeen.  If  the  voltage  is  decreased  to  one-half 
its  original  value,  the  dot  will  be  only  one-half 
as  far  from  the  center  of  the  screen  as  it  was 
originally.  This  shows  that  the  distance  of  the 
dot  from  the  center  is  a  direct  indication  of  the 
amount  of  voltage  that  is  connected  across  the 
plates.  These  experiments  show  that  the  oscillo- 
scope can  be  used  as  a  voltmeter.  The  charac- 
teristic that  makes  it  a  good  DC  voltmeter  is  its 
very  high  input  resistance. 

20-74.  The  horizontal  deflection  plates  can 
also  be  used  to  influeace  the  electron  beam;  their 
effect  being  similar 'to  that  of  the  vertical  deflec- 
tion plates.  If  a  voltage  is  applied  to  the  hori- 
zontal deflection  plates  as  shown  in  figure  137, 
the  nearest  plate  (in  the  figure)  will  be  negative 
and  the  other  one  will  be  positive.  As  the  elec- 
trons speed  between  the  plates,  the  nearest  plate 
repels  the  electron  stream  and.  the  other  plate 
attracts  it  As  a  result,  the  electron  beam  is  bent 
away  from  the  center  and  the  dot  moves  to  a 
point  that  is  to  be  right  of  center  (looking  at  the 
end  of  the  CRT).  A  reversal  of  voltage  causes 
the  dot  to  appear  at  a  point  to  the  left  of  center. 
An  increase  of  voltage  will  move  the  dot  farther 
from  the  center,  whereas  a  decrease  of  voltage 
will  bring  the  dot  closer  to  the  center  of  the 
screen.  Although  the  horizontal  deflection  plates 
can  also  be  used  to  measure  voltage,  they  rre 
generally  used  for  another  purpose. 

20-75.  The  deflection  produced  when  an  AC 
voltage  is  applied  to  the  vertical  deflection  plates 


Hgtire  138.   One  cycle  per  second  tppUed  to  the 
verdcal  deflection  plates. 


Rgure  l39.  Line  image  on  the  scope. 

occun  in  exactly  the  same  manner  as  that  which 
results  when  a  D<^  voltage  iS  applied.  Actually, 
the  displacement  of  the  beam  &om  its  normal- 
center  position  is  a  function  of  the  field  strength 
existing  between  the  two  deflection  plates.  As  the 
previous  examples  h^ve  shown,  the  displacement 
of  the  spot  from  its  normal  center  position  is  a 
measure  of  the  voltage  difference  existing  be- 
tween the  two  plates.  An  AC  peak  voltage  of 
10  volts  will  alternately  ,displace  the  spot 'or  de- 
flect the  beam  the  same  distance  on  either  side 
of  the  center  position.  A  DC  voltage  of  10  volts 
applied  first  to  one  and  then  to  the  other  of  the 
two  plates  will  give  the  same  resxilts. 

20-76.  For  a  very  low  frequency,  the  dot  can 
be  seen  to  move  up  and  down  from  one  ex#eme 
to  the  other.  At  60  cycles  per  second,  the^age 
on  the  screen  will  appear  as  a  straight  line,  since 
the  dot  travels  so  rapidly  that  its  motion  from 
point  to  point  along  the  line  cannot  be  seen.  Sup- 
pose, fpr  a  moment,  that  a  frequency  of  1  cycle 
per  second  is  applied  to  the  vertical  deflection 
plates,  as  shown  at  the  left  of  figure  138.  Since 
only  the  force  is  acting  on  the  electron  l^Sam^ 
the  field  set  up  by  the  applied  deflecting  voltage 
is  determined  by  the  instantaneous  amplitude  of 
this  voltage.  The  normal  position  of  the  spot  is 
indicated  in  the  figure  by  the  dot  within  the 
circle  in  the  center  of  the  screen.  The  applied 
voltage  starts  at  zero  and  increases  in  one  di- 
rection until  maximum  value  is  reached.  K  the 
polarity  of  this  alternation  is  such  that  it  makes 
the  top  vertical  deflection  plate  positive'  with 
respect  to  the  bottom  vertical  deflection  plate, 
the  beam  and  spot  will  move  upward^  As  the 
voltage  increases,  the  spot  will  move  through  the 
various  positions  shown  in  figure  138  until  it 
reaches  a  maximum  position  at  the  moment  the 
peak  of  the  alternation  is  reached.  Then  the 
downward  half  of  this  alternation  begins  and  the 
spot  moves, toward  its  initial  starting  position. 
This  point  is  reached  when  the  first  alternation 
is  completed,  and  the  AC  voltage  is  again  zero. 

20-77.  The  alternation  now  starts  in  the  oppo- 
site direction,  and  the  bottom  vertical  deflection 


plate  is  positive  with  respect  to  the  top  vertical 
deflection  plate.  The  resulting  beam  is  deflected 
downward,  and  the  spot  moves  in  that  directioti. 
As  the  amplitude  of  this  downward  alternation 
increases,  die  spot  moves  farther  and  Ifarthcr 
away  (down)  from  Its  normal  center  position 
until  it  reaches  its  farthest  point  at  the  time  the 
peak  amplitude  is  reached.  Then  as  the  voltage 
starts  to  decrease  (the  last  quarter-cycle  of  the 
sine  wave),  the  spot  moves  upward  toward  its 
initial  starting  point,  finally  reaching  the  middle 
of  the  screefl  when  the  AC  voltage  is  again  at 
zero.  Figure  138  shows  the  position  of  the  dot 
at  various  points  along  the  .sine  wave  of  voltage 
as  it  is  applied  to  the  vertical  deflection  plates. 

20-78.  In  actual  practice,  the  frequency  of  the 
voltage  applied  to  the  plates  is  such  that  it  is  im- 
possible to  see  the  spot  moving  from  point  to 
point.  Instead,  the  rcoirrent  action  of  the  AC 
voltage  causes  the  spot  to  trace  and  retrace  its 
path  at  such  a  speed  that,  because  of  the  per- 
sistency of  vision  and  the  persistency  of  the  screen, 
a  solid  line  pattern  is.  seen.  The  scope  reads 
peak-to-peak  voltages.  It  can  be  used  as  an  AC 
voltmeter  because  it  has  a  high  input  impedance 
and  because  the  beam  of  electrons  can  move  up 
and  down  as  rapidly  as  the  highest  frequency  of 
AC  changes.  Figure  139  shqws  the  solid-line 
pattern  that  is  visible  when  tht  frequency  is  too 
high  for  the  movement  of  the  dot  to  be  observed. 

20-79.  What  has  just  been  explained  about 
the  vertical  deflection  plates  is  also  true  of  the 
horizontal  deflection  plates.  If  an  AC  voltage  is 
applied  to  the  horizontal  deflecdon  plates  with- 
out any  vertical  deflection,  a  horizontal  line  will 
be  visible.  When-only  the  sweep  voltage  is-ap^ 
^,,glied,  you  can  observe  a  horizontal  line  (time- 
^^te4iae)  whose  length  depends  on  the  position 
of  the  horizontal  gain  control. 
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Figure  140.  The  sweep  voltage. 
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also  Imow  that  the  primary  function  bf  the  C31T 
used  in  the  oscilloscope  is  to  observe  changing 
voltage.  But  what  happens  to  a  voltage  with 
respect  to  time  from  one  moment  to  the  next  is 
also  important 

20-81.  The  normal  representation  of  a  chang- 
ing voltage  with  respect  to  time  appears  as  a 
graph.  The  horizontal  line  of  the  graph  repre- 
sents time,  and  the  vertical  line  represents  the 
magnitnde  of  the  voltage.  Rather  than  draw 
individual  graphs  of  voltage  on  paper,  it  was 
determined  that  the  scope  could  be  used  to  make 
the  graph  if  there  were  some  means  of  moving 
the  dot  from  one  side  of  the  scope  to  the  other  at 
a  constant  rate.  That  means  became  a  reality 
in  a  device  called  a  time*base  generator.  This 
device  causes  the  dot  to  start  at  the  left  side  of 
the -screen  and  move  to  the  right  side  at  a  con- 
stant rate.  In  this  way  the  dot  moves  a  certam 
distance  farther  to  the  right  during  each  suc- 
ceeding imit  of  time.  Another  name  for  the 
time-base  generator  is  the  sweep  generator.  It 
is  given  this  name  because  of  the  action  of  the 
dot  on  the  screen*  After  the  dot  moves  across 
the  screen,  it  returns  to  the  starting  point,  and 
the  operation  starts  all  over  again,  llii^  move- 
ment of  the  dot  is  similar  to  the  motion  of  a 
l»oom  in  swcqjing;  hence,  the  dot  "sweeps" 
across  the  saeen. 

20-82.  When  the  sweep  generator  moves  the 
dot  across  the  screen,  it  is  actually  applying  a 
varying  voltage  to  the  horizontal  deflection 
plates.  When  the  dot  is  on  the  left  side  of  the 
screen,  the  electron  beam  has  been  deflected  to 
the  left  At  that  moment,  the  left  horizontal  de- 
flection plate  is  positive  with  respect  to  the  right 
one,  and  the  right  one  is  negative  with  respect 
to  the  left  one.  As  the  spot  moves  toward  the 
center  of  the  screen  (horizontally),  the  voltage 
difference  between  the  plates  decreases  until  both 
are  at  the  same  potential.  The  dot  is  then  at  the 
center  of  the  screen.  The  dot  continues  to  move 
toward  the  right  at  a  constant  rate  because  the 
voltage  on  the  deflection  plates  revenes,  and  the 
plate  on  the  right  becomes  more  and  more  posi- 
tive, while  that  on  the  left  becomes  more  and 
more  negative. 

20-83.  Figure  140  is  a  graph  representing  the 
relationship  between  sweep  voltage  and  time. 
This  illustration  shows  a  scope  "picture"  when 
voltage  is  applied  to  the  right  deflection  plate. 
When  the  ri^t  plate  is  negative  witii  respect  to 
the  left  the  voltage  appears  below  the  zero  axis 
on  tiie  graph.  When  tiie  right  deflection  plate  is 
positive  witii  respect  to  the  left  plate,  the  voltage 
is  shown  above  the  zero  axis.  The  position  of 
the  spot  at  several  instances  during  tiie  time  the 


sweep  voltage  is  being  applied  is  shown  in  the 
complete  figure.  The  dashed  lin^  connect  each 
dot  with  the  voltage  that  caused  the  dot  to  appear 
in  that  position. 

20-84.  Since  the  dot  is  repeatedly  swept  across 
the  screen,  the  graph  of  this  sweep  voltage  is 
continuous.'  To  start  over  again  th^dot  has  to 

•  return  to  the  left  side  of  the  screenN  The  time 
required  to  make  this  return  mp  is  called  the 
flyback  time  and  is  very  small  compared  to  the 
time  that  the  dot  is  being  swept.  Flyback  time 
is  shown  as  a  near  vertical  line  on  the  graph, 
while  the  sweep  voltage  closely  .resembles  the 
outline  of  sawteeth.  For  this  reason,  the  sweep 
voltage  is  often  referred  to  as  a  sawtooth  voltage. 

20-85.  A  switch  on  the  scope  permits  the  hori- 
zontal deflection  plates  to  be  connected  to  the 
external  binding  posts  or  to  the  connections  of 
the.  sweep  generator.  This  switch  is  a  part  of  all 
i^illoscopes.  On  some  scopes,  switching  is  done 
by  turning  tiie  frequency  range  selector.  On 
others,  it  is  either  a  part  of  the  timing  sync  con- 
trol or  a  part  of  the  horizontal  amplifier  control. 

20-86.  The  varying  voltages  wluch  are  to  be 
observed  on  the  oscilloscope  make  their  changes 
in  very  small  increments  of  time.  To  make  these 
changes  visible,  it  is  necessary  to  move  the  dot 
across  the  screen  at  a  very  fast  rate.  This  will 
give  tiie  effect  of  a  constant  pattern.  The  greater 
the  speed  with  which  the  dot  is  moved  across 
the  screen,  the  more  times  per  second  it  can  be 
swept  across.  The  number  of  times  tiie  dot  is 
swept  across  the  screen  each  second  is  known  as 
the  sweep  frequency,  and  the  length  of  time  it 
takes  for  the  dot  to  trace  the  line  is  the  sweep^ 
time.  The  latter  is  usually  measured  in  terms  of 
microseconds  (millionths  of  a  second).  This  con- 
cludes the  discussion  of  the  principles  of  opera- 

I  tion  of  the  cathode-ray  tube  as  used  in  an  oscillo- 
scope. 

20-87.  Electron  Tube  Identification.  There  are 
two  ways  of  identifying  electron  tubes.  Tlie  first 
is  by  designation,  where  tiie  numbers  and  letters 
serve  as  a  code.  The  second  is  by  consulting 
the  tube  manuals  that  are  prepared  by  various 
tube  manufacturers.  There  ar^  four  parts  of  the  ^ 
coded  designation  and  each  represents  the  fol- 
lowing: 

(1)  Number — filament  or  heater  vohage. 

(2)  Letter — type  of  function  of  the  tube. 
v'3)  Number — useful  elements.^, 

(4)  Letter — size  or  construction.  ^ 

/« 

Let's  take  a  5Y3G  to  illustrate. 

(1)  Hlament  or  heater  voltage — 5  (5  volts). 
^  (2)  Tube  function— Y  (recdfier;  letters  -"U" 
to  "Z"  also  denote  rectifiers). 
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(3)  Useful  elements— 3^duodiode). 

(4)  Construction— G  (glass  envelope). 

Thus,  a  5Y3G  is  a  glass-inclosed  duodiode  recti- 
fier that  requires  5  volts  filament  voltage.  Now, 
sec  what  you  can  do  with  type  50L6GT  (L  rep- 
♦  resents  beam  power  ampKfier)  before  proceeding' 
further.  If  you  figure  "beam  power  amplifier 
with  six  useful  elements  that  operates  on  50  vol^ 
and  is  housed  in  some  sort  of  glass  container," 
you  are  correct.  This  particular  tube  uses  heater 
voltage,  and  the  heater  and  cathode  are  separate 
elements.  GT  is  the  codt  for  a  certain  glass  en- 
velope that  is  somewhat  smaller  than  the  con- 
ventional size. 

20-88.  Since  thousands  of  different  types  of 
tubes  are  manufactured,  there  are  numerous  ex- 
ceptions to  the  system.  The  situation  is  even 
more  confused  with  transmitting  tubes  because 
the  manufacturer  of  these  tubes  has  his  own 
method  of  assigning  numbers  and  letters.  How- 
ever, when  possible,  a  faulty  tube  should  be  re- 
placed with  one  made  by  the  same  manufacturer. 

20-89.  Since  there  is  a  lack  of  standardization 
and  since  a  simple  designation  does  not  disclose 
the  many  operating  characteristics  of  the  various 
tubes,  personnel  often  have  to  refer  to  a  tube 
manual  to  obtain  specific  information. 

20-90.  Many  of  the  electronic  control  systems 
and  components  you  will  work  on  require  a  spe- 
cial type  of  power  for  operation.  This  power  is 


provided  by  built  in  or  separat^pb^{cr  supplies. 
In  the  following  section  we  will  discuss-  power 
supplies  and  their  operation. 

21  •  EItt€tronic  Pow«r  SupplUs 

21-1.  Electronic  power  supplies  have  a  wide 
variety  of  applications  throughout  the  Air  Force. 
For  example,  many  electrical  shops  have  electri- 
cal testers,  such  as  the  T-35  or  T-170,  that 
contain  power  supplies.  The  oscilloscope  (dis- 
cussed elsewhere  in  this  volume)  has  a  power 
'supply  that  is  an  integral  part  of  the  set.  Since 
you  are  required  to  sepair  electrical  shop  test 
equipment,  it  is  necessary  that  you  have  a  work- 
ing knowledge  of  power  supplies. 

21-2.  Vacuum  tubes  require  various  values  of 
voltage  for  their  different  elements,  such  as  fila- 
ment, screen  grid,  and  plate.  Except  for  the 
filaments,  which  can  be  heated  with  AC  or  DC, 
the  vacuum  tube  elements  require  DC  voltages. 
A  typical  power  supply  for  an  electronic  device 
is  shown  in  the  block  diagram,  figure  141. 

21-3.  The  AC  source  can  be  any  source  of 
alternating  current.  You  know  that  115-volt,  60- 
Hz  AC  is  typical  of  that  encountered  com- 
mercially. In  aircraft  application,  400  Hz  power 
sources  are  most  commoi^ 

21-4.  The  six  elements  of  the  power  supply 
shown  in  figure  141  are  not  all  present  in  every 
application.  However,  the  AC  source  of  power 
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and  the  rectifiers  are  essential  and  could  provide 
the  necessary  power.  The  other  elements  con- 
tribute to  the  ability  of  the  po^r  supply  to  pro- 
vide a  wider  range  of  output  A^oltages  that  are 
smoother  and  more  dependable. 

21-5.  Rectifier  Circuits.  Earlier  in  this  chapter, 
you  learned  that  a  diode  vacuum  tube  acts  as  a 
rectifier.  There  are  various  types  of  circuits  that 
are  used  for  rectification — among  these  are  half- 
wave  rectifiers,  full-wave  rectifiers,  bridge  recti- 
fiers, and  polyphase  rectifiers. 

21-6.  Half -wave  rectifiers.  The  half- wave 
rectifier  shown  in  figure  142  is  a  circuit  that  uses 
a  single  diode  to  rectify  an  alternating  current. 
_  T  is-the_power_JlramformcrLjyJiose_  "primaryj 
connected  to  an  AC  source.  The  rectified  current 
flows  through  the  load  resistor.  The  transformer 
secondary  applies  an  AC  voltage  between  the 
plate  and  cathode  of  the  diode.  However,  cur- 
rent flows  only  during^  that  half-cycle  when  the 
plate  -is  positive  with  respect  to  the  cathode.  Cur- 
rent flows  in  only  one  direction,  as  indicated  by 
the  anows.  However,  the  current  is  a  pulsating 
type,  as  shown  by  the  waveshape.  The  frequency 
of  the  pulswl^i  called  ripple  frequency.  For  each 
type  of  AC  input  there  is  one  pulse  or  one  ripple. 
Therefore,  in  this  type  of  rectification,  the  ripple 
frequency  is  equal  to  the  AC  input  frequency. 

21-7.  The  current  flows  through  Rl  and 
causes  a  voltage  drop  to  exist  across  it.  Since 
the  current  flows  from  point  A  to  point  B  in  Ri., 
point  A  is  negative  with  respect  to  point  B.  Be- 
cause the  current  through  Ri.  is  pulsating,  the 
voltage  developed  across  it  is  also  pulsating.  From 


the  wave  shapes  of  the  output  voltage  and  cur- 
rent, you  can  see  why  this  type  of  rectifier  is 
called  a  half-wave  rectifier. 

21-8.  If  the  tube  is  reversed  so  that  the  plate 
is  connected  to  point  B  and  the  cathode  to  point 
1  of  the  transformer  secondary,  current  flows 
.through  Rl  in  the  opposite  direction  (from  B  to 
|a).  Since  A  is  at  ground  potential,  the  output 
^voltage  across  Rl  is  negative  in  this  case., 

21-9.  The  output  voltage  of  a  half-wave  recti- 
fier drops  to  a  low  value  if  a  load  requiring  much 
current  is  connected  to  the  output  terminals.  Half- 
wave  rectifiers  are  therefore  used  where  current 
drain  is  low  and  high  voltages  are  required.  The* 
high-voltage  power  supply  circuit  for  an  oscillo- 
scope is  usually  a  half-wave  rectifier. 

21-10.  Full-wave  rectifiers.  The  half-wave 
rectifier  finds  many  applications  but  it  has  several 
disadvantages.  Some  of  these  disadvantages  are 
overcome  by  the  use  of  a  full-wave  rectifier.  A 
full-wave  rectifier  uses  both  halves  of  the  AC 
cycle  in  its  rectification  process.  A  typical  full- 
wave  rectifier  is  shown  in  figure  143,A..  If  you 
compare  this  circuit  with  that  of  a  half-wave 
rectifier,  you  will  note  the  following  two  differ- 
ences: (1)  The  full-wave  rectifier  employs. two 
diodes,  and  (2)  the  high-voltage^  transformer 
secondary  of  the  full-wave  rectifier  is '  .'center- 
tapped  (CT).  • 

21-11.  Note  that  the  center  tap  is  returned  to 
ground  and  then  through  Rl  to  the  cathodes  of 
Vj  and  V2.  Point  1  of  the  high-voltage  winding 
is  connected  to  the  plate  of  Vi  and  point  2  is 
connected  to  the  plate  of  V2.  Thus,  the  AC 
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voltage  developed  from  1  to  CT  is  applied  across 
Vi  and  the  voltage  from  2  to  CT  is  applied 
aaoss  Vj. 

21-12.  The  two  diodes  conduct  alternately  be- 
cause, at  any  given  instant,  one  plate  is  positive 
and  the  other  negative;  a  half-cycle,  later  the 
polarity  of  the  voltages,  is  reversed.  The  dircc- 
tioji  and  path  of  cunent  through  Vi  is  shown 
by  the  solid  anows  and  through  Va  by  the  dotted 
arrows.  Both  currents  flow  throu^  the  4oad  re- 
sistor in  the  same  direction.  The  output.and  in- 
put voltage  wave  shapes  are  shown  in  figure 
143,B.  Note  that  the  frequency  of  the  pulses  is 
twice  the  frequency  of  the  AC  source.  If  60- 
Hz  AC  is  rectified  by  a  full-wave  rectifier,  the 
ripple  frequency  is  120  Hz. 

21-13.  In  most  applications,  the  two  diodes 
are  included  in  one  envelope.  When  Vf  is  con- 
ducting, its  plate  is  positive.  The  cathode  of  V2 
is  at  the  same  potential;  however,  its  plate  is 
negative  at  the  same  instant.  Each  tube  must, 
.  therefore,  be  capable  of  withstanding  twice  the 
peak  voltage  applied  to  the  tube  in  the  reverse 
direction.  This  is  known  as  the  inverse  peak 
voltage  and  must  be  taken  into  consideration  in 
the  design  of  a  full-wave  rectifier. 

21-14.  In  full-wave  rectifiers,  where  half  of 
the  high-voltage  secondary  is  connected  across 
each  diode,  the  DC  output  voltage  is.  propor- 
tional to  half  of  the  secondary's  AC  voltage.  On 
the  other  hand,  in  half-wave  rectifiers,  the  entire 
voltage  of  the  high-voltage  secondary  is  applied 
across  the  diode.  The  high-voltage  secondary 
wmding  of  a  full-wave  rectifier  must,  therefore, 
provide  approximately  twice  the  AC  voltage  to 
give  the  same  DC  output.  A  major  disadvantage 
of  full-wave  rectifiers  is  that  transfohnen*  of 
higher  voltage  output  are  necessary.  At  higher 
values  of  voltage,  a  difficult  problem  is  created 
because  of  the  excessive  amount  of  insulation 
required.  As  a  result,  where  thousands  of  volts 
are  supplied,  half-wave  rectifiers  arc  usually  used. 
However,  full-wave  rectifiers  ^are  used  in  power 
supplies  which  require  a  high'-currcnt  drain  at  a 
lower  voltage. 


21-15.  Filters.  You  have  seen  that  the  recti- 
fier changes  AC  voltage  to  DC  voltage.  How- 
ever, the  DC  voltage  output  of  the  rectifier  is  a 
pulsating  DC  voltage;  that  is,  it  has  pulses  or 
ripples.  These  ripples  may  be  considered  to  be 
an  AC  voltage  superimposed  on  a  DC  voltage. 
If  the  output  from  a  rectifier  is  to  be  used  to 
provide  voltages  for  certain  vacuum  tube  circuits, 
the  ripple  must  be  removed  or  reduced,  other- 
wise distortion  may  occur.  The  filter  of  a  power 
supply  is  the  device  that  removes  or  reduces  the 
magnitude  of  the  AC  component  (ripple)  of  a 
rectifier  so  that  only  the  DC  component  is  ef- 
fective. 

21-16.  Individual  reactances  as  filters.  A  re- 
actance that  opposes  a  change  in  voltage  (or  cur- 
rent) by  storing  energy  and  then  releasing  tiiis 
energy  back  to  the  circuit  may  be  used  as  a 
filter. 

21-17.  You  have  seen  that  a  capacitance  op- 
poses a  voltage  change  across  its  terminal  by 
storing  energy  in  its  electrostatic  field.  When- 
ever the  voltage  tends  to  rise,  the  capacitor  con- 
verts this  voltage  change  to  stored  energy.  When, 
the  voltage  tends  to  fall,  the  capacitor  converts 
this  stored  energy  back  to  voltage.  The  use  of 
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Figure  145.   Capacitor-filtered  output  wivjs  shiper. 
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Figure  146.    RccUficr  with  inductor-filtered  output. 

a  capacitor  for  filtering  the  output  of  a  rectifier 
may  be  seen  in  figure  144.  The  rectifier  is  shown 
as  a  block  in  the  illustration,  and  the  capacitor 
Ci  is  connected  in  parallel  with  the  load  Rl. 

21-18.  The  capacitor  Ci  is  chosen  to  offer 
very  low  impedance  to  the  AC  ripple  fircqutncy 
and  very  high  impedance  to  the  DC  componeDt. 
The  ripple  voltage  is,  therefore,  bypassed  to 
ground  through  the  low-impedance  path,  while 
the  DC  voltage  is  applied  unchanged  to  the  load. 
The  effect  of  the  capacitor  on  the  output  of  the 
rectifier  may  be  seen  in  the  wave  shapes  shown 
in' figure  145.  Dotted  lines  show  the  rectifier, 
output;  solid  lines  show  the  effect  of  the  capacitor. 
Half-wave  and  full-wave  rectifier  outputs  are 
shown.  The  capacitor  Ci  charges  when  the  recti- 
fier voltage  output  tends  to  increase  and  dis- 
charges when  the  voltage  output  tends  to  de- 
crease. In  this  manner,  the  voltage  across  the 
load  Rl  is  kept  fairly  constant 

21-19.  An  inductance,  may  be  used  as  a  filter. 


because  it  opposes  a  change  in  current  through 
it  by  storing  energy  in  its  electromagnetic  field 
whenever  cunent  tends  to  increase.  When  the 
cunent  through  the  inductor  tends  to  dftcreqse, 
the  inductor  supplies  the  energy  to  maintain  the 
flow  of  current.  The  use  of  an  inductor  for 
filtering  the  output  of  a  rectifier  is  shown  in 
figure  146.  Note  that  the  inductor  Li  is  in  series  . 
with  the  Rl  load. 

21-20.  The  inductance  Li  is  chosen  to  offer 
high  impedance  to  the  AC  nf>plc  voltage  and 
low  impedance  to  the  DC  component.  There- 
fore, for  the  AC  ripple,  a  very  large  voltage 
drop  occurs  across  the  inductor  and  a  very  small 
voltage  drop  occurs  across  the  load  Rl-  For  the 
DC  component,  however,  a  very  small  voltage 
drop  occurs  across  the  inductor  and  a  very  large 
voltage  drop  occurs  across  the  load.  You  can 
see  the  effect  pf  an  inductor  on  the  output  of  a 
full-wave  rectifier  in  the  output  wave  shape. 
Note  how  the  ripple  has  been  attenuated  in  the 
output  voltage. 

21-21.  LC  filters.  Capacitors  and  inductors 
are  combined  in  various  ways  to  provide  more 
satisfactory  fihering  than  can  be  obtained  with  a 
single  capacitor  or  inductor.  Several  combina- 
tions are  shown  scnMiatically  in  figure  147.  Note 
that  the  L,  or  invcrted-E^type,  and  the  T  type 
filter  sections  resemble  schematically  the- corre- 
sponding letters  of  the  alphabet.  The  pi  type  filter 
section  resembles  the  Greek  letter  pi  C^)  sche- 
matically. 

21-22.  The  filter  sections  shown  in  figure  147 
ar^  similar  in  that  the  inductances  are  in  series 
and  the  capacitances  are  in  parallel  with  the 
load.  The  inductances  must,  therefore,  offer  a 
very  high  impedance  and  the  capacitors  a  very 
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Rgure  147.   Types  of  LC  filters. 
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Figure  148.   Two-section  filten. 


low  impedance  to  the  ripple  frequency.  Since 
the  ripple  frequency  is  comparatively  low,  the 
inductances  are  iron-core  coils  having  large  values' 
of  inductance  (several  henrys).  Because  they 
offer  such  high  impedance  to  the  ripple  fre- 
quency, these  coils  are  called  chokes.  The  ca- 
pacitors must  also  be  large  (several  microfarads) 
to  offer  very  little  opposition  to  the  ripple  fre- 
quency. Because  the  voltage  across  the  capacitor 
is  DC,  electrolytic  capacitors  are  frequently  used 
as  filter  capacitors*.  Be  sure  you  observe  the  cor- 
rect polarity  in  connectiog  electrolytic  capacitors. 

21-23.  More  than  one  section  of  a, given  type 
of  fiher  ifiay  be  combined  to  infprove  the  filtering 
action.  An  illustration  of  two-section  filters  is 
shown  in  figure  148. 

21-24.  LC  filters  are  also  classified  according 
to  the  position  of  the  capacitor  and  inductor. 
A  capacitor-input  filter  is  one  in  which  the 
capacitor  is  connected  directly  across  the  output 
terminals  of  the  rectifier.  Filler  sections  A  and 
D  in  figure  147  are  examples  hi  the  capacitor- 
input  filters.  A  choke-input  filter  is  one  in  which 
a  choke  precedes  the  filter  capacitor.  Filter  sec- 
tions B  and  C  in-  figure  147  are  examples  of 
choke-input  filters.  ^ 

21-25.  The  most  common  type  of  fiher  used 
with  half-wave  rectifiers  is  the  capacitor  input, 


pi  type  fiher  shown  in  figure  149.  When  the 
electrons  flow  in  the  path  shown  by  the  solid 
arrows,  the  capacitors  are  charged  as  shown.  If 
is  not  connected '^d  the  capacitors  are  as- 
sumed to  have  no  leakage,  the  output  voltage  is 
equal  to  the  peak  value  <^  the  AC  voltage  ap- 
plied from  the  secondary  of  the  transformer.  If 
Ri,  is  connected,  the  capacitors  discharge  through 
it,  as  shown  by  the  dotted  arrows.  The  ei^nt  to 
which  the  capacitors  discharge  depends  up^  the 
value  of  the  load.  The  voltage  falls,  rapidly  as 
the  current  drain  increases. 

21-26.  The  resistor  R  shown  as  part  of  the 
filter  is  called  a  bleeder  resistor.  It  is  used  to 
discharge  the  capacitors  when  the  equipment  is 
'  turned  off.  The  resistor  should  be  large;  it  should 
not  draw  more  than  10  percent  of  the  rated  cur- 
rent. The  output  voltage  of  a  rectifier  with  a 
capacitance-input  filter  is  approximately  peak 
value  if  the  current  drain  is  low,  but  the  load 
must  be  extremely  light.  Because  the  output 
voltage  depends  on  the  value  of  the  load,  a  ca- 
pacitance-input filter  has  poor  voltage  regulation. 
If  a  full-wave  rectifier  is  used  with  a  capacitance- 
input  filter,  there  is  a  slight  improvement  in  the 
filtering  action.  However,  the  voltage  regulation 
is  still  pof  r. 
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Figure  149.   Half-wave  rectifier  with  captcitor-input  pi  typ^  filter. 
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Eguie  150.   FuU-wfive  rectifier  with  choke-input  filter. 

21-27.  Choke-input  filters  provide  better  volt- 
age regulation  than  capacitance-input  filters.  As 
a  result,  choke-input  filters  are  used  to  a  great 
extent  in  power  supplies  for  transmitters  and 
other  electronic  circuits  that  require  considerable 
power.  However,  the  choke-input  filter  r^tiires 
full-wave  rectification  and  gives  less  DC  output 
voltage  for  a  given  AC  input. 

21-28.  A  full-wav6  rectifier  with  a  choke-in- 
put filter  is  shown  in  figure  150.  The  pulsating 
current  from  the  full-wave  rectifier  flows  through 
the  choke  and  the  load.  The  choke  opposes  the 


changes  in  current  and  reduces  the  magliitude 
of  the  ripple.  The  capacitor  filters  the  AC  com- 
ponent further.  When  a  small  amount  of  cuncnt^ 
is  drawn,  the  voltage'  drops  rapidly  and  then  re- 
mains fairly  constant  over  a  wide  range  of  load. 
This  type  of  filter  gives  good  current  regulation 
under  changing  load  conditions  or  heavy  drain. 

21-29.  RC  filters.  In  many  applications,  a 
resistor  is  used  to  replace  the  coil  in  a  filter  to 
save  expense.  A  disadvantage  of  this  type  of 
filter  is  that  the  resistor  offers  the  same  imped- 
ance to  the  DC  voltage  as  to  the  AC  component. 
In  addition,  current  flow  through  the  resistor 
causes  power  to  be  dissipated  in  the  form  of  heat. 

21-30.  From  our  discussion  up  to  this  point, 
-you  have  seen  that  filters  are  an  important  part 
of  an  electronic  power  supply.  Now  let  us  take  a 
look  at  a  low-voltage  pow^  supply  and  see  just 
how  the  output  voltage  is  affected  by  the  filter. 

21-31.  Power  Supply  Systems.  A  wide  variety 
of  power  supply  systems  is  used  in  electronic 
units,  depending  on  the  application  of  the  unit. 
There  are  low-voltage  systems,  medium-rvdtage 
systems,  high-voltage  systems,  and  in  some  cases, 
combination  type  systems.  We  will  limit  our  dis- 
cussion to  a  low-voltage  system. 


21-32.  A  complete  power  supply  system  '^ 
supply  low  voltaghs  is  shown  in  figure  151.  This 
circuit  shows  a  full-wave  rectifier,  filter  section, 
voltage-regulator  circuit,  and  voltage-divider  ;iet- 
>york  all  combined  in  a  single  power  supply  unit. 
This  circuit  arrangement  is  typical,  and  if  addi- 
tional filtering  is  required,  chokes  or  capacitors 
can  be  added  after  capacitor  Co.  The  function  of 
the  power  supply  is  summarized  here  in  terms  of 
the  complete  unit. 

21*33.  l^eferring.  to  figure  151,  you  see  that 
the  input  voltage  to  the  power  transformer  pri- 
mary is  115-volt,  60-Hz  AC,  which  *}s  a  standard 
value  of  power-line  voltage.  The  transformer  has 
three  secondary  windings,  two  being  low-vpltagc 
windings  and  the  third  a  high-voltage  winding. 
(The  term  "high  voltage"  is  used  here  to  make 
a  distinction  betweeil  the  filament, voltage  and  the 
voltage  applied  to  the  plates  of  the  rectifier  tubeO  *- 
In  one  of  the  low-voltage  windings,  the  voltage 
is  stepped  down  to  a  value  of  6.3  volts  and  pro- 
vides the  power  for  the  Ejaments  of  all  6.3*volt 
tubes  in  the  power  supply  and  its  associated 
equipment.  The  other  low-voltage  winding  pro- 
vides a  steppcd-down  voltage  of  5  volts  for  op-, 
cration  of  the  filament  of  rectifier  tube  Vi.  In  . 
the  high-voltage  winding,  the  voltage  is  stepped 
up  from  the  input  value  of  115  volts  (rms)  to  a 
total  secondary  value  of  1290  Volts  peak  oi^  ap- 
proximately 900  volts  rnjs.  This  value  represents 
a  step-up  of  almost  eight  times.  -Waveforms 
showing  the  voltage  on  the  primary  of  the  .trans- 
former and  the  steppcd-up  voltage  of  the  high- 
voltage  secondary  winding  are  shown  in  item  A. 

21-34.  The  high-voltdge  secondary  of  the 
power  transformer  is  tapped  in  the  center  to  pro- 
vide the  common  B-minus  return  lead  for  the 
power  supply.  This^  tap  is  placed  at  the  electrical 
Center  of  the  winding  so  that  equal  voltages  are 
applied  to  the  plates  of  rectifier  tube  Vi.  from 
each  end  of  the  secondary  winding  to  the  center 
tap,  approximately  450  volts  (rms)  is  available, 
and  this  voltage  is  applied  to  the  plates  of  the 
rectifier  tube. 

21-35.  The  rectified  voltage  appears  at  the 
center  tap  of  the  5-volt  filament  transformer  in 
item  C.  This  winding  is  center  tapped  so  that  the 
plate  current  for  the  two  sections  of  the  full- 
wave  rectifier  will  divide  equally  in  each  fila- 
ment lead.  The  rectified  pulses  then  will.be  equal 
in  amplitude  as  shown  in  the  waveform  in  item 
B.  The  operation  is  as  follows:  When  switch  SI 
is  closed,  the  115-volt,  60rHz  AC  line  voltage  is 
applied  to  the  primary  of  the  power  transformer. 
This  voltage  is  indicated  by  the  'smaller  wave- 
form in  item  A.  The  larger  waveform  in  A 
represents  the  stepped-up  voltage  across  the  full 


high-voltage  secondary  winding,  which  is  1290 
volts  (peak). 

21-36.  The  two  plates  of  the  rectifier  tube  Vi 
conduct  alternately  as  each  plate. is  made  positive 
by  the  alternating  voltage  onl^e  transformer  sec- 
ondary. Pulses  of  current  flow  from  the,  filament 
to  eadf  plate  as  each  "plate  goes  positive.  Since 
each  plate  is  in  operation  for  only  half  of  an 
input  cycle,  the.  current  through  the  rectifier  tube 
always  flows  in  the'  same  direction  as  the  action 
swings  from  one  plat^  to  the  other.  The  current 
in  the  filament  line,  therefore,  shows  a  con- 
tinous  pulsating  current  flow  in  this^  one  •  di- 
rection. ^The  waveform  representing  this  action  is 
shown  in  i^em  B.  (In  practice,  this  waveform  ap- 
pears only  when  there  is '  no  filter  connected  to 
the  Rectifier  tube  output.  \\Tien  the  filter  is  used; 
as  s^own  in  the  diagram,  the,  actual  waveform,  is 
similar  to  that  shown  in  itcj^C, )      •    '  \ 

?4-37.  The  rectified  current  pulsations  are  m 
tered  and  smoothed  by  the  action  of  Ci,  Li,  and 
C2,  which  are  connected  in  a,  simple  7r-filter 
an;angement.  The  charge  and  discharge  Of  the 
filter  capacitors  smooth  the  gaps  between  the  rec- " 
tified  current  pulses.  The  carrent  flowing  through 
the'choke  builds  up  a  varying  magnetic  field,  and 
this  field  tends  to  retard  the  flow  of  current  as  it 
increases  and  to  maintain  the  current  flow  when 
it  collapses.  The  effect  of  this  is  to  produce  a 
more  constant  flow  of  current  through  the  circuit. 
The  waveform  at  the  filter  output  in  item  C  is 
represented  by  the  heavy  line  superimposed  upon 
the  peaks  of  the  dotted  current  pulses.  The  ca- 
pacitor input  filter  of  the  circuit  allows  a  higher 
voltage  output  with  a  lower  load  current  than 
that  of  a  choke-input  filter.  However,'  a  choke- 
input  filter,  would  provide  a  more  constant  value 
of  output  ^voltage  with  less  ripple  under  changing 
load  conditions. 

21-38.  The  voltage  regulator  circuit  provides  a 
constant  value  of  output  voltage  despite  variations 
in  the  input  .voltage'*  or  changes  in  load  conditions. 
The  pass  tube  V3  is  in  series  ,with  the  output  cir- 
cuit. Resistor  R4,  tube  Vs,  and  glow  tube  VR- 
150  are  connected  in  series  across  the  output. 
The  VR  tube  holds  the  cathode  of  Vs  at  a  con- 
stant potential  with  respect  to  ground.  The  set- 
ting of  potentiometer  R2  determines  the  bias  on 
the  control  grid  of  Vj.  The  current  passing 
through  resistor  R4  establishes  the  bias  voltage 
wiiich,  determines  the  interval  resistance  of  Vj. 
These  conditions  are  set  to  provide  the  rated 
current  across  the  voltage  divider.  When  the  load 
draw^  a  larger-than-rated  current,  the  terminal 
voltage  of  the  power  supply  tends  to  decresg&e. 
This  places  a  more  negative  bias  on  the  grid  of 
V3  and  less  current  flows  through  V3.  The  re- 
duced current  through  R^  provides  a  less  negative 
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Figure  152.  Triofe  with  grid  connected  directly  to 
cathode. 

Vias  on  the  grid  of  V2  and  decreases  the  internal 
resistance  of  this  tube.  Consequently,  the  volt- 
age drop  across  the  tube  becomes  less  and  the- 
output  voltage  increases.  In  a  welMesigned  ci\^ 
cuit,  the  reduced  voltage  drop  across  tube  Vo  is 
just  sufficient  to  compensate  for  the  reduced  out- 
put voltage,  and  the  voltage  across  the  output 
terminals  of'fhe  power  supply  is  restored  auto- 
matically to  ^he  rated  value.  When  the  terminal 
voltage  increases,  a  similar  action  occurs  in' the 
opposite  direction,  and  the  output  voltage  remains 
constant.  The  output  ,voltagc  appearing  across 
R4,  V3,  and  the  VR  tube  is  a  'fairiy  constant  DC 
voltage,  shown  in  item  D. 

21-39.  The  blccdeiHiivider  resistor  connected 
across  the  power-supply  output  performs  three 
functions.  As  a  bleeder,  the  resistor  acts  as  a 
safety  device  to  permit  the  filter  -capacitors  to 
discharge  when  the  equipment  is  turned  off.  As  a 
load  resistor,  it  acts  as  a  stabilizer  to  protect  the 
voltage  regulator  when  no  load  is  connected  to 
the  power  supply  and  also  helps  to  improve  the 
regulation.  As  a  voltage  divider,  it  is  tapped  at 
various  points  along  its  length  to  provide  inter- 
mediate values  of  the  maximum  voltage  across 
the  power-supply  output.  The  bleeder-divider  re- 
sistor can  be  grounded  at  the  lower  end,  or  it 
can  be  grounded  at  some  point  of  higher  potential 
along  its  length  in  order  to  provide  negative  volt- 
age, or  voltages,  between  the  grounded  point  ^d 
B  minus  of  the  power  supply.  In  item  E,nhree 
positive  outputs  and  one  negative  Output  (-40 
volts)  are  obtained.  Their  polarities  are  shown 
with  relation  to  ground.  Amplifiers  use  power 
supplies  to  provide  high  voUage  DC.  The  next 
section  utilizes  the  power  supply  in  explaining 
circuit  operation.  , 

22.  AmplifUr  CtrcuiH 

22-1.  In  the  earlier  discussion  of  triodes,  their 
importance  in  the  development  of  tubes  was 
pointed  out.  In  the  course  of  describing  their 
construction,  constants,  and  capacitance,  you 


were  told  something  about  their  operation.  Now, 
let's  get'  down^^  details.  If  the  grid  is  connected 
directly  to  the  cathode,  as  shown  in  figure  152, 
there  will  be  no  potential  between  the  two  ele- 
ments.' By  applying  a  normal  potential  between 
the  plate  and  cathode,  the  electron  flow  is  af- 
fected only  slightly,  if  at  all,  by  the  grid.  As  the 
diagram  shows,  the  electrons  are  pulled  across 
the  tube  by  the  positive  pl^te  potential.  Only 
those  moving  directly  toward  a  grid  wire  strike 
the  grid,  where  they  are  deflected  or  captured. 
Those  electrons  that  pass  through  the  wire  spaces 
enter  the  plate.  You  may  recall  that  the  attrac- 
tion of  the  plate  for  an  electron  depends  on  the 
plate  voltage  and  the  distance  between  the  plate 
and  the  electron  source.  The  closer  together  the 
electron  and  the  plate,  the  greater  the  attracting 
force.  The  same  principle  holds  for  the  grid  when 
it  bears  an  electrical  charge. 

22-2.  Suppose  a  small  DC  potential  (bias)  is 
connected  between  the  grid  and  cathode,  as 
shown  in  figure  153.  Since  the  grid  is  much  closer 
to  the  cathode  than  the  plate,  it  will  have  more 
effect  on  the  emitted  electrons  than  the  plate 
when  voltage  is  applied  to  both  these  elements. 
As  a  matter  of  fact,  this  effect  is  so  strong  that  a 
far  greater  voltage  can  be  applied  to  the 
plate  and  the  grid  will  still  exercise  more 
influence  over  the  electrons. 

22-3.  If  the  grid  were  a  solid  plate,  it  would 
capture  all  the  electrons,  and  the  result  would  be 
a  large  current  in  the  grid-cathode  circuit.  But 
since  the  grid  is  open,  many  of  the  elecUons 
attracted  to  it  actually  pass  through  it.  uius, 
the  electron  flow  to  the  plate  is  increased.  There- 
fore, the  more  positive  the  grid  becomes,  the 
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Figure  153.   Simple  amplifier  circuit. 
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Figure  154.    Er-I»  curve. 

more  the  plate  current  increases.  Eventually,  the 
grid  attains  a  state  of  charge  at  which  it  begins 
to  attract  more  electrons  to  itself.  At  that  time,  it 
begins  to  rob  the  plate  of  electrons.  The  result  is 
a  small  but  undesirable  cunent  flow  in  the  grid- 
cathode  circuit.  However,  there  is  a  limit  to  the 
amount  of  increase  in  plate  current  that  can  be 
obtained  by  raising  the  positive  charge  on  the 
control  grid. 

22-4.  Let's  assume  that  the  potential  on  the 
grid  is  reversed.  This  element  will  now  repel 
electrons.  If  the  negative  voltage  becomes  great 
enough,  all  electron  movement  between  the  cath- 
ode and  plate  will  cease.  However,  if  the  grid 
becomes  only  slightly  negative,  the  plate  current 
will  decrease  accordingly. 

22-5.  You  can  readily  see  that  a  voltage  ap- 
plied to  the  grid  will  control  the  plate  current. 
Moreover,  such  a  voltage  can  also  be  used  to  vary 
it.  If  an  AC  signal  voltage'is  applied  between 
the  grid  and  cathode,  the  alternate  positive  and 
negative  half-cycles  will  produce  up  and  down 
variations  in  the  plate  current.  You  are  not  look- 
ing for  plate  current  variations,  however,  but  for 
an  amplified  signal  voltage.  This  can  be  obtained 
by  simply  connecting  a  load  i'csistor  in  the  plate 
circuit,  as  was  shown  previously  in  figure  153. 
This  arrangement  forces  varying  plate  current  to 
flow  through  the  load  resistor,  and  the  resulting 
voltage  drop,  across  it  will  vary  with  the  current. 
Thus,  each  time  that  the  grid  signal  voltage 
Varies,  there  is  a  change  in  both  the  plate  current 
and  the  voltage  across  the  load  resistor.  In  other 
words,  a  signal  voltage  fed  onto  the  grid  is  re- 
produced as  a  similar  voltage  across  the  load  re- 
sistor; none  of  the  plate  current  comes  from  the 
signal  source.  The  grid  signal  voltage  merely 
controls  the  flow  of  current  from  the  power  supply 


through  the  tube.  You  may  find  it  easier  to  re- 
member this  action  if  you  rec^l  that  it  was  men- 
tioned earlier  that  the*  grid^is  a  kind  of  electrical 
valve. 

22-6.  But,  is  this  wiiat  you  want  in  the  voltage 
developed  across  the  loa^  resistor?  Remember, 
you  started  out  With  the  idea  of  using  a  tube  to 
amplify  a  small  grid  or  signal  -  voltage.  Your 
desire  was  to  produce  a  voltage  that  would  have 
the  .same  general  form  as  the  signal  voltage'  but* 
would  be  considerably  larger  in  magnitude."  Let's . 
find  out,  then,  if  it  is  larger.  Ohm's  law  states 
that  the  voltage  drop  across  the  resistor  is  equal 
to  the  current  flowing  through  it,  multiplied  by  its 
resistance,  or  E  =  I  X  From  the  equation, 
you  can  see  that  when  R  is  large,  even  a  fairly 
small  plate  cunent  through  it  results  m  a  large 
voltage  drop.  By  the  same  token,  a  small  change 
in  plate  current  provides  a  big  changeAn-thc  volt- 
age drop. 

22-7.  When  you  combine  this  information  with 
the  fact  that  a  small  change  in  grid  voltage  will 
produce  a  considerable  one  in  plate^  current,  you  ^ 
can  see  that  it  doesn't  take  muca  of  a  signal 
voltage  change  to  cause  a  large  one  across  the 
plate  load  resistor.  Thus,  by  using  this  resistor,^ 
the  signal  voltage  is  amplified. 

22-8.  Grid  X^oltage,  Plate  Current  Currc. 
There  are  restrictions  that  must  be  placed  on  the 
operation  of  triodes.  For  one  thing,'  the  amount 
of  signal  that  can  be  applied  to  the  grid  is  limited. 
If  it  is  too  great,  the  resulting  changes  in  the 
plate  current  will  not  be  carbon  copies  of  the 
applied  signal;  and  the  output  may  be  distorted.  • 
This  is  not  too  much  of  a  problem  when  handling 
small  signals,  but  after  several  stages  of  amplifi- 
cation the  signal  builds  up  to  such  proportions 
that  tubes  capab^e^f  handling  large  grid  voltage  " 
yariatiohs  musf-^be  used.  To  understand  these 
limits  better,  study  the  Eg-Ip  curve,  shown  in 
figure  154,  which  shows  the  relationships  between 
the  grid  voltage  and  the  plate  current. 

22-9.  The  shape  of  the  typical  £^-14,  curve  is 
quite  similar  to  that  of  the  ^other  curves  already 
naentioned.  Since  it  has  botti  positive  and  nega- 
tive values  of  grid  voltage,  you  must  insert  the 
vertical  line  OX  to  represent  zero  grid  vohage. 
Thp  distance  along  the  horizontal  reference  line 
to  the  left  of  OX  indicates  increasingly  negative 
grid  voltage  values,  and  the  distance  to  the  right, 
positive  values.  When  there  is  a  highly  negative 
grid  voltage  (distance  from  OX  to  point  A),  there 
is  no  plate  current.  Assume  that  this  negative 
voltage  is  gradually  reduced.  When  the  value 
represented  by  point  B  is  reached,  plate  current 
will  flow.  (The  Er-Ip  curve  begins  here.)  The  . 
cutoff  point  is  B,  because  it  indicates  the  nega- 
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Figure  155.    Grid  signal  variation-pU^  current  (class 
A  iinplifier). 

live  grid  voltage  which  cancels  the  effects  of  the 
plate  voltage.  Any  grid  voltage  that  is  more  nega- 
tive than  this  will  "cut  off''  the  plate  current. 
As  this  voltage  becomes  less  negative,  the  plate 
current  will  mount.  Once  the  bend  or  "knee'*  of 
the  curve  (point  C)  has  been  reached,  the  pl^te 
current  incrc^^  ^most  in  step*  with  the  grid 
voltage  change,  ^d  the  curve  will  approach  a 
straight  line  between  points  C  and  D.  As  the  zero 
grid  bias  line  (OX)  is  passed  and  the  grid  be- 
comes increasingly  more  positive,  the  <?urve  bc- 


Rgurt  156.    Excessive  signal  voltage  distortion. 


gins  to  flatten  out  toward  point  E.  At  the  same 
time,  the  grid  begins  to  attract  electrons  to  itself. 
As  pointed  out  earlier,  the  grid  current  increases 
steadily  as  it  becomes  mor?  positive,  and  the 
grid  now  robs  the  stream  and  reduces  the  num- 
ber "S'^ectrons  that  might  be  expected  to  go'  to 
the  plate.  In  amplification,  grid  current  is  gen- 
erally not  needed;  therefore,  the  tube  ^  must  be 
prevented  from  operating  on  the  upper  curved 
part  of  its  characteristic  curve.  If  exact  dupli- 
cation of  the  signal  voltage  is  desired,  the  tube 
must  operate  in  the  straight-line  portion  of  the 
curve.  To  have  the  tube  function  near  the  mid- 
dle of  the  straight  portiqn,  grid  bi^  must  be  used. 

22-10.  Grid  Bias,  Earlier  the  term  "bias"  was 
mentioned  several  times.  Now  it  is  necessary  to 
take  up  the  subject^in  detail.  In  a  moment,  you 
will  find  out  how  grid  bias  is  used.  First,  let's 
discuss  its  purpose.  With  grid  bias,  the  develop- 
ment of  a  grid  current  is  avoided  by  keeping  the 
grid  negative  at  all  times.  This  is  done  by  con- 
necting the  DC  voltage  between  it  and  the  cath- 
^  ode,  as  pointed  out  in  figure  153.  The  word 
"bias"  is  used  for  the  DC  voluge  that  influences 
the  initial  of>erating  plate  current.  The  explana- 
tion should  make  this  clear.  A  bias  voltage  which 
causes  the  tube  to  operate  at  point  F  on  the 
^  curve  shown  in  figure  155  sets  "the  initial  plate 
'Current  at  some  particular  value.  After  point  F 
has  been  established,  an  AC  signal  voltage  can  be 
applied' to  the;  grid.  This  signal  alternately  adds 
to  or  subtracts  from  the  grid  bias  voltage,  making 
it  successively  more  or  Jess  negative^  If  the  bias 
voltage  is  —10  voltsr*and  the  applied  AC  signal 
has  a  peak  of;  5  volts,  the  grid  voltage  will  change 
alternately  from  -5  to  —15  volts.   The.  grid 
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Figure  157.    Fixed  bias. 
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Figure  158.    Cathode  bias. 

voltage  then  becomes  a  pulsating  DC  because  it 
is  a  mixture  of  DC  and  AC.  As  shown  in  figure 
155,  these  changes  in  grid  voltage  cause  alternate 
increases  and  decreases  in  plate  current.  The 
point  F  represents  the  operating  point  of  the  tube 
as  set  up  by  the  bias  vcJtagc.  When  the  grid 
voltage  is  varied  by  the  AC  signal  (1-2-3-4-5), 
the  operating  pdnt  must  follow  the  instantaneous 
grid  voltage  up  and  down  the  curve  between 
points  C  and  D.  Thus,  when  the  grid  bias  h 
reduced  by  the  signal  swing  from  1  to  2,  the 
grid  becomes  less  negative  and  the  c^rating 
point  moves  from  F  to  D,  permitting  an  increase 
in  plate  current  from  7  to  8.  Similarly,  during 
the  swing  from  2  to  3  the  grid  becomes  more 
negative,  and  the  operating  point  goes  from  D 
to  C,  resulting  in  the  plate  current  falling  from 
8  to  9.  Hence,  the  AC  grid  voltage  (1-2-3-4-5) 
produces  the  plate  current  variation  (7-8-9- 
10-11).  If  the  bias  voltage  changes  during  the 
operation,  so  will  the  plate  current,  and  varia- 
tions will  occur  that  are  not  the  result  of  the 
original  signal.  Therefore,  to  prevent  this,  a 
steady  DC  voltage  has  to  be  furnished  so  that 
these  variations  will  be  caused  only  by  the  signal 
voltage.  ^ 

22-11.  As  long  as  the  tube  operates  along  the 
straight  line  portion  of  its  characteristic  curve  and 
the  AC  voltage  applied  to  the  grid  is  not  large 
enough  to  make  the  grid  positive,  the  plate  current 
variation  will  produce  a  voltage  across  the  load  re- 
sistor that  is  similar  in  form  to  the  grid  signal 
voltage.  As  you  know,  excessively  high  signal 
voltages  or  operation  over  a  curved  portion  of  the 


characteristic  curve  will  result  in  distortion.  For  y 
example,  in  figure  156  the  grid,  bias  is  overly  ^ 
negative  and,  therefore,  causes  operating  point  ^ 
M  to  fall  too  close  to  the  lower  bend.  The  curva- 
ture reveals  ho\^  the  bottoms  of  the  plate  current 
pubes  are  chopped  off,  thereby  giving  thf  dis- 
torted A-B-C-D~E  curve.  For  exact  rejproduc- 
tion  of  the  grid  signal  plate,  the  current  would  • 
have  to  follow  the  A~B-H-D-I  curve. 

22-12.  Now  that  you  arc  familiar  with  the 
term  ''bias,"  let  us  examine  some  of  the  methods 
used  to  provide  bias  voltage. 

22-13.  Fixed  bias.  Figure  157  illustrates  one 
method  of  obtaining  bias,  which  is  thrqugh  a 
voltage*  divider,  network  in  ^the  cathode  circuit.  ^ 
This  is  referred  to  as  fixed  ftw  and  establishes 
the  initial  plale  current.  To  explain  this  method, 
let  us  assume  that  pcMnt  A  in  the  illustration  is 
at  a  potential  of  7  volts.  Since  the  grid  is  at 
ground  potential  assuming  no  grid  current  flow, 
the  bias  on  the  tube  is  also  7  volts.  Undef  these 
conditions,  when  the  tube  conducts  because  of  a 
grid  signal,  additional  bias  will  result  from  the 
IpRi  drop. 

22-14.  Cathode  ffias.  Another  metjiod  of.  pro- 
viding bias  is  called  catho4^  bias,  or  self-bias. 
As  shown  in  figure  158,  a.  resistor  has  been 
placed  in  the.  cathode  circuit.  As  the  tube  con- 
ducts, there  will  be  current  flow  across  Rk.  Point 
A  will  be  at  a  positive  potential  with  respect  to 
ground  because  of 'the  ER  drop  across  rc§istor  R^. 
Since  the  grid  is  at  ground  potential,  the  cathode 
IS  positive  with  respect  to  the  grid,  or  the  grid  will  *  v 
be  negative  with  respect  to  the  cathode.  The 
amount  of  bias  on  the  tube  is  equal  to  the  IR 
drop  across  Ru.  Any  change  in  current  flow 
through  the  tube  will  change  the  bias.  To  stabi- 
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Figure  160.   Types  of  coupling  for  triode  amplifiers. 

lizc  the  bias"  voltage,  a  filter  capacitor  (Ci)  is 
placed  in  parallel  across  the  cathcxie  resistor. 

22-15.  Grid-leak  bias.  A  third  method  of  ob- 
taining bias  voltage  is  called  grid-leak  bias.  This 
method  is  shown  in  figure  159.  If  an  alternating 
cunent  is  applied  to  the  grid,  the  grid  will  be- 
come positive  with  respect  to  the  cathode  during 
the  positive  half-cycle,  and  some  electrons  will 
pass  from  the  cathode  to  the  grid.  In  other  words, 
grid  current  will  flow  and  capacitor  Ci  will 
charge.  Capacitor  Ci  will  tend  to  charge  very 
rapidly,  because  when  the  grid  draws  current 
the  grid-to-cathode  resistance  of  the  tiibe  drops 
to  a  very  low  value  (usually  about  1000  ohms). 

22-16.  On  the  negative  half-cycle  of  the  ap- 
plied alternating  current,  capacitor 'd  attempts 
to  discharge  through  resistor  Ri.  Resistor  Ri  is 
usually  a  large-valued  resistor,  between  500  K 
and  1  megohm,  which  means  that  the  discharge 
rate  of  Ci  will  be  slower  than  its  charge  rate. 
Thus,  the  grid  is  negative  in  respect  to  the  cath- 
ode which  is  at  ground  potential,  and  bias  is 
established. 

22-17.  Coupling/  When  one  stage  of  amplifi- 
cation (a  tube  and  its  circuit  connections)  is 
coupled  to  the  next,  the  plate  cannot  be 
connected  directly  to  the  gnd  of  the  following 
stage.   Instead,  a  special  circuit  is  used.  The 


coupling  circuit  transfers  the  AC  signal  voltage 
between  the  stages  while  isolating  the  DC  plate 
voltage  from  the  grid  of  the  following  tube.  There 
are  two  primary  methods  by  which  amplifier 
stages  are  coupled  together,  thc^  resistance-ca- 
pacitance and  transformer  types,  both  of  which 
are  shown  in  figure  160. 

22-18.  Resistance-capacitance  coupling.  In  the 
resistance-capacitance  (or  simply  the  RC-cou- 
pled)  amplifier,  the  biased  cathode  shown  in  the 
figure  is  the  most  commonly  used.  For  the  grid 
of  the  second  stage,  the  coupling  capacitor  (Cc) 
provides  a  low-impedanfce  path,  and  the  resistor 
(Rl)  furnishes  high  enough  resistance  to  permit 
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Figurc461.   Methods  of  obtaining  feedback. 
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Figure  162.    Class  A  amplifier  operation. 

as  much  voltage  as  possible  to  be  transferred 
there. 

22-i9.  The  coupling  between  the  two  stages 
takes  place  in  the  following  manner.  When  a 
signal  is  applied  to  the  grid  of  the  first  stage, 
voltage  variations  in  the  plate  circuit  are  im- 
pressed upon  the  grid  of  the  second  tube  through 
the  coupling  capacitor  and  the  grid  resistor  (Rt)- 

22-20.  The  coupling  capacitor,  in  addition  to 
providing  a  path  for  AC  to  reach  the  grid  of  the 
foUowing^Jubc,  also  prevents  the  plate  voltage  of 
the  first  tube  from  reaching  the  grid  of  the  second 
one. 

22-21.  Transformer  coupling.  Although  not  as 
common  as  the  resistance-capacitance  type,  the 
transformer  method  is  often  used  to  couple  ampli- 
fier stages.  In  the  transformer  circuit,  shown  in 
figure  160,  current  from  the  plate  of  the  tube  in 
the  first  stage  flows  through  tha  primary  (Lp) 
and  causes  a  voltage.  This  is  induced  into  the 
secondary  (L,),  to  be  applied  to  the  grid  of  the 
second  tube  as  a  signal.  The  overall  effect  is 
that  the  amplified  signal  of  the  first  stage  is 
transferred  by  the  transformer  to  the  grid  of  the 
second  stage,  where  further  amplification  takes 
place.  ^ 

22-22.  Just  a^ypipcrtant  to  .amplifiers  as  cou- 
pling is  feedback.  We  have  akeady  pointed  out 
several  ways  of  controlling  feedback.  However, 
a  more  interesting  aspect  of  the  topic  concerns 
the  way  we  can  use  it  to  aidr  amplification. 

22-23.  Feedback  in  Amplifiers.  Sometimes  a 
portion  of  the  amplified  output  energy  is  fed 
back  into  the  input  circuit.  If  this  feedback  aids 
the  signal,  it  is  called  positive  or  regenerative; 
if  the  portion  is  fed  back  to  oppose  the  input 
voltage,  the  feedback  is  called  degenerative, 
negative,  or  inverse. 

22-24.  Feedback  can  be  obtained  in  several 
ways,  as  shown  in  figure  161.  In  the  first  dia- 


gram  (part  A)  feedback  voltage  is  developed 
across  the  cathode  resistor  (Rk),  which  is  not 
bypassed  as  a  result  of  the  plate  cunent  flowing 
through  it.  This  voltage  varies  at  the  same  rate 
as  that  of  the  plate.  Smce  Rk  is  located  between 
the  grid  and  cathode,  any  voltage  develcq>ed 
across  it  is  in  series  with  the  input  signal  of  the 
tube.  This  condition  establishes  a  phase  relation 
suitable  for  degeneration.  Thus,  when  a.  positive 
signal  aK>«ars  on  the  grid,  both  the  plate  current 
and  the  voltage  drop  across  Rk  increase.  A  volt- 
age increase  across  the  cathode  resistor  makes 
the  grid  more  negative  with  relation  to  the  cath- 
ode, which  is  opposite  to  the  action  provided  by 
the  signal  voltage.  This  arrangement  is  useful  in 
canceling  distortion  in  the  output  signal  deter- 
mined from  the  E^Ip  characteristic  curve.  Since 
plate  voltage  changes  in  a  tube  do  not  dupli- 
cate those  of  the  grid  voltage,  there  is  some  dis- 
tortioh  in  the  output  wave  shape.  However,  de- 
generative feedback  introduces  a  portion  of  the 
distorted  Output  into  the  input  in  reverse,  thereby 
counterbalancing  the  conditions  that  cause  the 
original  distortion. 

22-25,^ou  also  can  get  feedback  by  connect- 
ing a  capacitor  from  the  plate  to  the  grid,  as 
shown  in  part  B  of  figure  161.  Here  the  plate 
voltage  changes  produced  by  plate  current  varia- 
tions are  opposite  in  polarity  to  the  original  grid 
voltage  changes.  The  capacitor  introduces  a  small 
part  of  the  plate  voltage  change  into  the  grid  cir- 
cuit. This  reflects  the  distortion  in  the  plate  cur- 
rent in  reverse,  and  thus  virtually  cancels  the 
distortion  previously  existing  in  the  output. 

22-26.  Feedback  can  be  used  effectively  in 
multistage  amplifiers  (see  part  C  in  figure  161). 
Not  only  is  it  useful  for  counteracting  the  effects 
of  distortion  introduced  by  the  tubes,  but  it  can 
also  aid  in  eliminating  out-of-phase  relationships 
caused  by  certain  circuit  components.  For  ex- 
ample, feedback  compensates  for  any  changes  in 


Figure  163.    Captcitor-coupled  second  stage  of 
tmplifier. 


\ 


ihc  inductive  reactance  of  the  deflection  coil  in 
the  circuit.  When  current  flows  through  tWs  coil, 
its  reactance  changes  and  alters  the  plate  volt- 
age. In  turn,  this  alteration  moves  around  the 
feedback  loop  and  counteracts  the  inductance 
change.  This  action  makes  the  plate  voltage  nor- 
mal and  insures  an  undistortcd  output. 

^22-27.  In  some  circuits,  "itactance  elements 
send  positive  feedback  into  tbV  circuit  and  cause 
it  to  oscillate.  This  conditicm  is  all  right  in  oscil- 
lators but  not  in  amplifiers.  Therefore,  a  type  of 
feedback  anangement  similar  to  that  in  the  two- 
stage  feedback  amplifier  must  be  used  to  intro- 
duce a  negative  feedback  into  the  input  to^  cancel 
the  effects  of  the  regeneration. 

22-28.  The  discussion  of  electron  tube  and 
,  amplifier  circuits  is  not  finished.  Although  many 
other  tube  circuits  could  have  been  presented, 
only  those  relevant  to  your  work  on  aircraft  elec- 
trical installations  have  been  discussed.  Know 
these  circuits  cwnpletely,  and  your  job  will  be 
greatly  simplified, 

22-29.  Applying  Definite  Signals  to  an  Ampli- 
fi».  By  studying  the  application  of  a  small  signal 
voltage  to  the  grid  and  by  observing  the  highly 
amplified  voltage  change  it  causes  in  the  plate 
output  circuit,  it  is  easy  to  sec  how  an  amplifier 
works.  The  following  discussion  deals  with  a 
simple  class  A  amplifier,  such  as  that  shown  in 
figure  162,  and  a  capacitor-coupled  class  A  am- 
*  plifier,  such  as  that  shown  in  figure  163.  Using 
the  diagram  in  figu're  162,  let's  determine  the 
plate  voltage  and  current  values. 

22-30.  Assuming  that  Ri  is  40,000  ohms  and 
plate  potential  is  320  volts,  when  grid  voltage 
varies  from  -4.25  to  -3.75  volts,  plate  output 
voltage  will  vary  from  132  to  140  volts.  This  is 
evidenced  by  comparing  the  grid  voltage,  Ri 
voltage  'drop,  plate  output  voltage,  and  current 
sine  waves  in  figure  162.  According  to  the  sine 
waves,  when  grid  voltage  is  -  4  volts,  plate  cur- 
rent will  be  4.6  milliamperes.  This  means  that 
the  voltage  drop  across  Ri  will  be  184  voUs. 
This  can  be  proved  by  applying  Ohm's  law. 

^  E  =  I  X  R 

=  40,000  X  0,0046 
=  184  V 


Therefore,  since  plate  potential  is  320  volts  and 
184  volts  is  lost  across  Ri,  plate  output  voltage 
will  be  136  volts. 

22-31.  When  grid  voltage  goes  to  -3.75  volts, 
plate  current  will  go  to  4.7  milliamperes.  This 
means  that  the  voltage  drop  across  Ri  has  in- 
creased to  188  volts;  therefore,  plate  output  volt- 
age will  be  132  volts.  Remember,  the  reason  for 
the  increase  in  plate  current  is  the  fact  that  the 
control  grid  has  become  more  positive,  which 
allows  more  current'to  flow. 

22-32.  Now  suppose  the  grid  voltage  is  driven 
to  -4.25  volts.  This  will  cause  plate  cunent  to 
decrease  to  4.5  milliamperes.  Using  Ohm's  law 
once  again,  you  will  ffnd  that  the  voltage  drop 
across  Ri  is  180  volts,  which  means  that  plate 
output  voltage  will  increase  to  140  volts. 

22-33.  From  the  preceding  discussion  you 
should  be  able  to  understand  better  how  amplifi- 
cation is  accomplished.  Suppose  another  tube  is 
added  in  series  with  the  first.  Now  the  plate  of 
the  first  tube  is  connected  to  the  grid  of  the 
second,  as  seen  in  figure  163.  For  the  purpose  of 
illustration,  let's  use  the  simple  capacitor-cou- 
pled amplifier  in  figure  163. 

22-34.  With  a  4-volt  variation  in  grid  signal 
(above  and  below  the  -8-volt  bias),  the  grid 
will  be  -4  volts  during  one  alternation  and  —12 
volts  during  the  other.  By  comparing  the  sine 
waves  as  before,  you  can  see  the  greater  ampli- 
fication in  the  second  stage.  As  the  grid  signal 
reaches  —4  volts,  the  drop  across  R2  will  be 
228  volts  and  the  plate  output  will  be  172  volts. 
When  the  grid  signal  reaches  -12  volts,  the 
drop  across  R2  will  be  112  and  plate  output  will 
be  288  volts.  The  plate  cunent  will  vary  from 
4.5  milliamps  to  9.1  milliamps  as  the  voltage 
varies  throughout  the  circuit.  As  sden  in  the 
drawing,  the  4-volt  variation  in  the  first  stage 
causes  a  58-volt  variation  in  the  second  stage. 

22-35.  This  concludes  our  discussion  of  the 
electron  tube  and  its  application.  By  now  you 
should  be  able  to  troubleshoot  tube  type  circuits. 
Compare  this  information  to  other  tube  type  cir- 
cuits with  which  you  may  be  working. 
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APPENDIX  A 
Sqnares  and  Sqaare  Roots 
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APPENDIX  B 
Natnral  Sines,  Cosines,  and  Tangents 
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.2339 
.  2370 
.2401 
.2432 
2462 

.2493  9. 

;2524 

.2555 

.2586 

.2617 

.2648 

.2679  9 

.2711 

.2742 

.2773 

.2805 

.2836 

.2867  9 

.2899  ^ 

.2931 

.2962 

.2994 

.3026 

.3057  9 

.3089 

.3121 

.3153 

.3185 

.3217 


3275 
3336 
3397 
3458 
3517 
3576 
3634 
3691 
^74J5 
3804 
3859 
3914 

.3968 
4021 
4074 
4127 
4178 
4230 

.4281 
4331 
4^81 
4430 
4479 
4527 

.4575 
4622 
4669 
4716 
4762 
4808 

4853 
4898 
4943 

4987 
6031 
5075 

.3249  9.5118 
Nat.  Log. 
Cotangent3 


Cotangents 

Li)g. 
0.8<H);i 
7922 
7S42 
77«4 
7H87 
7(}11 


Nat. 

6.313H 
6.1970 
G.0844 
9758 
5.1^708 
7094 

5  6713  0.7537 
0.57U4  7404 
739) 
7:J20 
7250 
71S1 

.7113 
7047 
6980 
6915 
6851 
6788 


5.4840 
5.3955 
5. 3093 
5.2257 

5.1446 
0058' 
4.9894 
9152 
4.8430 
4.7729 

.7040  0. 
.6382 
.5735, 
.ol(i7 
.4404 
.3^97  , 

.3315  0, 
.2747^ 
.2193 
.1653 
.1126 
.0611 


6725 
6664 
6603 
6^2 
6483 
6424 

6366 
6309 
625:^ 
6196 
6141 
6086 


0108  0.0032 
9617  5979 
9136  5921^ 
8667  5873 
,8208  5822 
.7760  5770 

.7321  0 
.6891  5669 
.6470  5619 
.6059  557 
.5656  5521 
.6261  5473 


.4874  0.5425174 
.4495  5378 
.4124  5331 
.3759  5284 
.3402  5238 
.3052  5192 

.2709  0.5147 
.2371  5102 
.2041  5057 
.  1716  5013 
.1397  4969 
. 1084  4925 

.0777  0.4882 
Nat.  Log. 

Tongenta 


Angler 

5() 
10 
30 
20 
lU 

SO^OO' 
50 
40 
30 
20 
10 

ITO^OO' 

50 
40  « 
30 
20 
10 

78*  OO' 
.50 
40 
.V> 
20 
10 

77*00' 

50 
40 
30 
20 
10 

76*00' 

50 
40 
30 
20 
10 

5719|75*  OO* 

50 
40 

30 
20 
10 


00 
5Q 
40 
30 
20 
10 

73*  00' 

50 
40 
30 
20 
10 

72*00^ 


Angles 
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7 


Sam 

Codam 

-Nat. 

Lot. 

Nat.  Lot. 

iroo' 

.8090 

0.4900 

.9511  970782 

10 

.3118 

4989 

.9502  0778 

90 

.3145 

4977 

.9403  0774 

80 

.3173 

5015 

.9483  9770 

40 

.3201 

5052 

.9474^  9765 

SO 

.3228 

5090 

.9465  0761 

.3250 

9.5126 

.9455  9.9757 

10 

.3283 

5163 

.0446  0752 

20 

.3311 

5109 

.0436  9748 

80 

.3338 

5235 

.9426  0743 

40 

.3365 

5270 

.9417  0739 

50 

.3393 

5306 

.9407  9734 

20*00' 

.3420 

9.5341 

.9397  9.9730 

10 

.3448 

5375 

.93«7'  0725 

20 

.3475 

5409 

.9377  0721 

30 

.3502 

5443 

.9367  0716 

40 

.3529 

5477 

.9356  0711 

50 

.3557 

5510 

.9346  0706 

21*  00* 

.3584 

9.5543 

.9336  9.9702 

10 

.3611 

5576 

.9325  9697 

20 

.3638 

/  6009 

.9315  9692 

30 

.3665 

5641 

.9304  0687 

40 

.3692 

5673 

.9293  9682 

BO 

.3719 

5704 

.9283  9677 

22*  W 

.3746 

9.5736 

.9273  9.0672 

10 

.3773 

5767 

.9261  9667 

20 

.3800 

5798 

.9250  9661 

30 

.3827 

5828 

.9239  0656 

'40 

.3854 

5869 

.^28  0651 

£0 

.3881 

5889 

.9216  9646 

23*  (xy 

.8907 

0.5919 

.9205  0.0640 

10 

.3934 

5948 

.9104  0635 

20 

.8961 

5978 

.9183  9629 

30 

.3987 

6007 

.9171  0624 

40 

.4014 

6036 

.9159  0618 

50 

.4041 

6065 

.9147  0613 

34*  OO' 

.4067 

0.6093 

.9135  9.9607 

10 

.4094 

6121 

.9124  0602 

20 

.4120 

6149 

.9112  9596 

30 

.4147 

6177 

.9100  0590 

4a 

.4173 

6205 

.9088  0584 

50 

.4200 

6232 

.9075  0570 

25*00' 

.4226 

9.6259 

.9063  9.9573 

10 

.4253 

6286 

.9051  9567 

20 

..4279 

6313 

.9038  9561 

30 

.4305 

6340 

.0026  9555 

40 

.4331 

6306 

.9013  0540 

50 

.4358 

6392 

.9001  9543 

28*00' 

.4384 

9.6418 

.8988  0.0537 

10 

.4410 

6444 

.8075  0530 

20 

.4436 

6470 

.8962  9524 

30 

.4462 

6495 

.8949  9518 

40 

.4488 

6521 

.8036  9512 

503 

.4514 

6546 

.8023  9505 

2r  00' 

.4540 

0.6670 

.8010  0.9409 

-N»t. 

Log. 

Nat.  LoK. 

"Ancle* 

Cbaines 

Sinefl 

Taagenta 

Nat.  Lot. 

.3240  0.5118 

.3281  5161 

.3314  5203 

.3346  5245 

.3878  5287 

.3411(  5320 

.3443  0.5370 
.3476  5411 
.3508  5451|2 
.3541  5401 
.3574  5531 
.3607  5571 

.3640  0.5611 
.3673.  56-0 
.3706  5680 
.3739  5727 
.3772  5706 
.3805  5804 

.3839  9.5842 
.3872  5879 
.3906  5017 
.3039  5954 
.3973  5991 
.4006  6028 

.4040  0.6064 
.4074  6100 
.4108  6136 
.4142  6172 
.4176  6208 
.4210  6243 


.4245  0. 

.4279 

.4314 

.4348 

.4383 

.4417 

.4452  9. 

.4487 

.4522 

.4557 

.4592 

.4628 

.4663  9. 

.4699 

.4734 

.4770 

.4806 

.4841  , 

.4877  0. 
.4013 
.4060 
.4986 

.5022 
\6059 


6279 
6314 
6348 
6383 
6417 
6452 

6486 

6520 
6553 
6587 
6620 
6654 

6687 
6720 
6752 
6785 
6817 
6850 

6882 
6014 
6046 
6077 
7009 
7040 


.6095  9.7072 
Nat.  LoK 
Cotangenta 


Cotascenta 


Nat. 

3.0777 
3.0475 
3.0178 
2.9887 
2.9600 
2.9310 


Lot 

0.4882 
•4839 
4797 
4765 
4713 
4671 


9042  0.4630 
8770  4589 
8602  4549 
8239  4509 
7980  4469 
7725  4429 

747S  0.4380 
7228  4360 
6985  4311 
6746  4273 
6611  4234 
6279  .4196 
2.6051  0.4168 
2.5826  4121 
2.5605  4083 
2.5386  4046 
2.5172  4009 
2.4960  3972 

2.4751  0.3936 
2.4645  3900 
2.4342  3854 
2.4142  3828 
2. 3945  3792 
2.3750  3757 

2.3659  0.3721 
2.3309  3686 


2.3183 
2.2998 
2.2817 
2.2837 


3652 
3617 
3583 
3548 


2.2460  0.3514 
2.2286  3480 
2.2113  3447 
2. 1943  3413 
2. 1775  3380 
2.1600  3346 
2.1445  0.3313t65' 
2. 1283  32S0 
2. 1123  3248 
2.0965  3215 
2.0809  3183 
2.0655  3150 

2.0603  0.3118 


2.0353 
2.0204 
2.0057 
1.9912 
1.9768 

1.9626 
Nat. 


3086 
3C54 
^23 
2991 
2960 

0.2928 
Log. 


Tantenta 


Aa^ea 

72*00' 

50 
40 
80 
20 
10 

71*W 

50 
40 
30 
20 
10 
70*00' 
50 

'80 
20 
10 

69*00*  ; 

5a  ' 
40 
30 
20 
10 

68*00' 

50 
40 

30 
20 
10 

67*00' 

50 
40 
30 
20 
10 


66*  00* 
50 
40 
30 
20 
10 
•00' 
50 
40 
30 
20 
10 

64*00' 

50 
40 
SC 
20 
10 
63*00' 


16\i 


ERIC 
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Nat.  Loc. 

.4540  9.6570 

10 

.4566  6595 

20 

.4592  6620 

80 

.4617  6644 

40 

.4643  6668 

60 

.4669  6692 

28*  (W 

.4695  916716 

10 

.4720  6740 

20 

.4746  6763 

30 

.4772  6787 

40 

.4797  6810 

50 

.4823  6833 

:!9*00' 

.4848  9.6856 

10 

.4874  6878 

20 

'  .4899  6901 

30 

.4924  6923 

40 

.4950  6946 

60 

.4975  6968 

:id*0O' 

.5000  9.6990 

10 

.5025  7012 

20 

.5050  7033 

30 

.5075  7055 

40 

.5100    '  7076 

50 

.5125  7097 

indoor 

.5150  9.7118 

10 

.5175  7139 

20 

.5200  7160 

30 

.5225  7181 

40 

.5250  7201 

50 

.5276  7222 

i  ?*  00' 

.529d  9.7242 

10 

.5324  7262 

20 

.5348  7282 

30 

.5373  7302 

to 

.5398  7322 

.lO 

.5422  7342 

U^OO' 

.5446  9.7361 

10 

.5471  7380 

20 

.5495  7400 

JO 

.5519  7419 

(0 

.5544  7438 

*>0 

.:>.566  7457 

:U*0O' 

..5.592  9.747a 

.  10 

.5016  7494 

20 

.5640  75i:i 

30 

1  .5664  7531 

40 

.5688  7550 

50 

.5712  7568 

36*0O'v 

.5736  9.758ft 

10 

.5760  noi 

20 

h5783  7022 

30 

.5807  7640 

40 

.5831  7657 

50 

.5854  7675 

35*0O' 

.5878  9.7692 

Nat.  Lo(. 

Cotine* 

Taiiceata 

Cotaogenta 

AOficn 

Nat.  • 

Lo(. 

Nat. 

Lof. 

Nat. 

Log. 

.8910 

9.9499 

«5095  9.7022 

1 

9626 

0.2928 

63*00' 

.889Z 

9492 

.5132 

7103 

1.9486 

2897 

50 

.8884 

9486 

.5169 

7134 

1.9347 

2866 

40 

.887n 

9479 

.5206 

716i 

1 

.9210 

2S35 

30 

.8oo7 

9473 

.5243 

►  7191 

1.9074 

2804 

OA 

.8843 

^  9466 
9:'9459 

.5280 

.8940 

2774 

10 

.8829 

..5317 

9.725? 

.8^07 

0.2743 

62^  00' 

.8816 

9453 

.5354 

7287 

1 

.  8(;7t> 

^13 
^^683 

50 

.8802 

.9446 

.5302 

7317 

1 

8546 

40 

.8788 

9439 

.54:W 

7348 

JL.8418 

2652 

30 

.8774 

9432 

.54e>7 

7378 

1 

8291 

2622 

.8760 

9425 

.  5.>05 

740S 

1 

8165 

2592 

10 

.8746 

9.9418 

.5543  &.7438 

1 

.8040 

0.2562 

61°  00 

.8732 

9411 

.5581 

7407 

i 

.7017 

2533 

50 

.8718 

'  9404 

.5619 

7497 

1 

.7706 

2.503 

40 

.8704 

9397 

.5658 

7526 

1 

.  7675 

2474 

30 

.8689 

9390 

.5690 

7556 

1 

.  7556 

2444 

on* 

.8675 

9383 

.5735 

7585 

1 

.  74:i7 

2n5 

10 

.8660 

9.9375 

.5774 

9.7614 

1 

.7321 

0 . 2380 

60*  00 

.8646 

9368 

.5812 

7544 

1 

.7205 

2356 

50 

.8631 

9361 

.5851 

7673 

1.7090 

2327 

40 

.8616 

9353 

.5890 

7701 

1 

.6977 

2299 

30 

.8601 

9346 

.5930 

7730 

1 

.  68G4 

2270 

.8587 

9338 

.5969 

7759 

1 

.6753 

2241 

10 

.8572 

9.9331 

.6009  9.7788 

1 

.♦i643 

0.2212 

59**  OO' 

.8557 

9323 

.6048 

7816 

1 

.6534 

2184 

50 

.8542 

9315 

.6088' 

7845 

1 

.  6426 

21.V) 

40 

.8526 

9308 

.6128 

7873 

1 

.6319 

2127 

30 

.8511 

9300 

.6168 

7902 

1 

.6212 

2098 

.8496 

9292 

'2.6208 
.6249 

7930 

1 

.6107 

2070 

10 

.8480 

9.9284 

9.7958 

1 

.0003 

0.2042 

08  OOr 

.8465 

fe76 

.6289 

7986 

1 

.5000 

2014 

50 

.8450 

9268 

.6330 

8014 

1 

.5708 

*1980 

4U 

.8434 

9260 

.6371 

8042 

1 

.5697 

I0.>>) 

30 

.8418 

9252 

.6412 

8070 

1 

.5597 

1030 

.8403 

9244 

.6453 

8097 

1 

.5407 

1003 

10 

.8387 

9.9236 

.6494 

9.8125 

1 

5.309 

0.187.5 

.57  W 

.8371 

9J28 

.6536 

8I53 

1 

5301 

1847 

SA 

.8355 

9219 

'.6577 

8180 

1 

5204 

1«20 

<4  A 

.8339 

9211 

.6619 

8208 

1 

5108 

1792 

30 

.  8323 

9203 

.6661 

8235 

1 

.5013 

1705 

.8307 

9194 

.'6703 

8263 

1.4919 

1737 

10 

.8290 

9.9186 

.6745  9.8290 

1 

.4826 

0.1710 

»ifO  AA' 

.8274 

9177 

.-6787 

8317 

1 

4733 

1683 

•A 

.8258 

9169 

.6830 

8344 

1.4641 

1656 

A  A 

40 

.8241 

9160 

.6873 

8371 

1 

4550 

^  1620 

^A 

.8225 

9151 

.6916 

3398 

1 

4460 

1602 

.6959 

•8425 

1 

4370 

10 

.8192 

9.9134 

.7002  9.8452 

1.4281 

0.1.'i4.S 

550  00' 

.8175 

9125 

.7046. 

8479 

1 

4193 

1.521 

50 

.8158 

9116 

.7089 

S506 

1 

4100 

1491 

.8141 

9107 

.7133 

8533 

1 

4019 

1407 

"  30 

.8124 

9098 

.7177 

8559 

1.3934 

1441 

20 

.8107 

9089 

.7221 

8536 

1 

.3848 

1411 

10 

.8090 

9.9080 

.7265 

9.8613 

1 

3764 

0.1387 

.54<»  00' 

Nat. 

Log. 

Nat. 

Log. 

Nat. 

f'Og. 

Vnglow 

S"i  nvn 

Cotani^eptn 

Tangents 
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WW 
10 

20* 
.  30 
40. 
SO 

zrw 

10 
20 

ao 

40 

10 
20 

ao 

40 
flO 

30*00" 
10 
20 

ao 

40 
60 
40*00* 
10 
20 
30 
40 
30 

41*00' 
10 
20 
30 
40 
50 

.42*  00" 
10 
^  30 
.  30 
40 
10 

4roo' 

10 
30 
SO 
40 
30 

10 
30 
30 
40 
30 

4roo' 


Binm  • 
N»t.  Lo€. 
5878  0.7003^ 


.6001 
.5925 
.5948 
.5972 
.6905 


7710 
7727 

777.«^ 


.«918  9.7790 


.0041 
.6005 
.6088 
.6111 
.6134 


781 1 
7828 
7844 
7861 
78771 


.6167  9.7893 
.6180  7910 
.6202  7020 
.6225  7941 
.6248  7957 
.6271  7973 

.6293  9.79)89 
t6316  8004 
.6338  8020 
^6361  8035 
.638i3  8050 
.6^  8066 

.6428  9.8061 
.6450  8096 
.6473  8111 
.6404  8125 
.6517  8140 
.6530  8155 

.6561  9.8169 
.6583  8184 
.6604  8198 
.6626  8213 
.6648  8227 
.6670  8341 


.«M7  9.8418 
.<087  8431 

.7008  8457 
.7030  8460 
.7050  8483 

:7071  9.8495 
kai.  Log 

CcMiMa 


ConnM 

Nat. 
.8000  9 
.8073  .  9070 
.8056  y§061 
.M)39  /0052 
8021  /  9042 
9033 

9.9023 
.7969  0014 
.7051  9004 
.7934.  8995 
.7910  8985 
.7898  8975 

..7880  9.8965 
.7803  8955 
.7844  8945 
.7826  8935 
.7808  ,  8925 
.7790  8915 

.7771  9.8905 
.7753  8895 
.7735  8884 
.7716  8874 
.7698  8864 
.7679  8853 

.7660  9.8M3 
.7642  8832 
.7623  8821 
.7604  8810 
.7585  ^,  8800 
.7666  \S780 


.7547  9 
.7528  •  8767 
.7509  8750 
.7490  8745 
.7470  8733 
.7451  8722 

.7431  9.8711 
.7412  8699 
.7392  8688 
.7373  8676 
.7353  8665 
.7333  8653 


.7314  9. 

.7394 

.7274 

.7354 

.7234 

.7214 

.7193  9. 
.7173 
7153 
.71J33 
.7113 
.7092 


8641 
8629 
8618 
8600 
8594 
8582 

8560 
8567 
8545 
8532 
8520 
8507 


.7071  9 
Nat.  Lot 


Taaceota 
N«t.  Loc. 
.7265  9.86T3 
.7310  803^ 

7355  8M6 
.7400  8692 
.7445  8718 
.749Q  8745 

.7536  9.8771 
.7681  8797 
.7627  8824 
.7673  8850 
.7720  887C 
.7766  8909 

.7813  9.8928 
.7860  89M' 
.79N07  8980 
.7951  .  .9300 
;8O02  9032 
.8060  '9058 

.8008  9.9084 
.8146  9110 
.8195'  913o 
.8243  91CI 
.8292  0187 
.8342  9212 

.8391  9.9238 
.8441  9264 
.8491  9289 
.8541  93Io| 
.8591  9341 
.8642  93U6 


8778  -,^93 


9.9392 
8744  9417 
.8796  9443 
.8847  946811 
.8899 

.8952  9519 


.9004  9.9544 
.9057  9570 
.9110  9395 
.9163  0621 
.9217  9646 
.9271  9671 

.9.325  9.9697 
.9380  9722 
.9435  9747 
.9400  9772 
.9545  9798 
.9601  08i3 

.9657  9.9848 
.9713  9874 
.9770  9899 
.9827  9924 
.9884  9949 
.0042  9975 

8496(1.0000  O.OOOO 
Nat.  Lo«, 
C«tanctnt« 


CotaagenU 

Nat.  Lo«. 
1.3764  0.1387^4*00* 
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1.  Use  this  Guide  as  a 'Study  Aid,  It  emphasizes  all  important  study  areas  of  this  volume. 

2.  Use  the  Guide  as  you  complete  the  Volume  Review  Exercise  and  for  Review  after  Feedback 
on  the  Results,  After  each  item  number  on  your  VRE  is  a  three  digit  number  in  parenthesis. 
That  number  corresponds  to  the  Guide  Number  in  this  Study  Reference  Guide  which  shows  you 
\%here  the  answer  to  that  VRE  item  can  be  found  in  the  text.  When  answering  the  items  in  your 
VRE,  refer  to  the  areas  in  the  text  indicated  by  these  Guide  Numbers.  The  VRE  results  will  be 
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,  •  ^  MODIFICATIONS- 

{^J^^y^  J ^  ^A^-^  3^^of  this  publication  has  (have)  been  deleted  in 
ndnptinj;  this  material  for  inclusion  in  the  "Trial  Implementation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
.iiKl-^riclmlcal  KducatiQn."    Deleted  material  involves  extensive  use  of 
military  fonns,  procedures,  systems,  etc.     and  was  not  considered  appropriate 
fvir  use  in  vocational  and  technical  education. 
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CHAPTER  2 

ObK*.iivc  To  Joniuiisirjtc  j  gciici  jI  kimwledge  of  the  safet>  measures  requiied  while  portorming  hij^  dailv 

1  Dc^ivribc  people  who  are  reterred  tu  as  "accident  prone"  and  "safety  conscious  "  (lniro.-2.  3) 

2  \Muu  area  should  he  avoided  when  working  around  a  reciprocating  engine?  (3-4) 


Name  ihc  danger  areas  aj-ound  a  jet  engine.  05.  6) 


4     What  protective  equipment  should  be  worn  around  a  jet  engine?  (3-7) 


7^ 


A 


» 


5.    Where  can  you  find  the  safe  way  of  approaclunga  heltcopler? (3'10) 


J  ^9-  : 

^^^^ 


6.    What  attitude  should,one  have  wh'en.entering  a  cockpit?  (3-13)' 


Why  do  pneudrauhcally  operated  systems  present  such  hazards  to  safety''  (3-16) 


An  aircraft'On  jack's  presents  may  potential  hazards.  There  should  bean  observer  for  thisoperation  Where 
IS  the  best  position  for  this  man?  (3-18) 


9.    Wh^t  part  of  the  body  \i  most  susceptible  to  radar  beams?  (3-19) 


10    Who  is  responsible  for  your  knowledge  concerning  radioactive  material?  (3-21  ] 


1 1     What  IS  good  housekeeping?  (4- 1 ) 


1- 


o 
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1 2    Whai  two  ihtngs  cause  many  fires?  (4-9) 


1 3    SaJeiy  is  whose  responsibilii)^?  (4-\2) 


CHAPJER3 

Ohjcciivc.  To.  acquire  j.job  knowledge  of  aerodynamic  principles,  major  aircraft  control  systems,  and  the 
instailation«  repair,  and  inspection  of  aircraft  electrical  wiring  and  related  hardware. 

I .    What  type  aircraft  is  used  to  engage  the  enemy  on  the  ground  and  in  the  air?  (5-4) 


What  isjDne  of  the  most  promjjient  distinguishing  features  of  an  aircraft?  (5-8) 


3     What  are  ihc  three  wing^designs mentioned  in  this  text?  (5-9-1 ! ) 


4     What  IS  the  purpose  of  aircraTt  designation?  (S'l  3) 


5'    What  IS  the  reference  line  often  used  m  discussing  an  airfoil?  (6-3) 


i92 


6.    What  are  the  four  4erodynamic  forces  thai  act  upon  an  airtoil'^ 


7.    What  IS  meant  b>  the  term  "relative  wuid"  when  dij>abinig  prniciples  ot  tlighi'^  (6-8) 


8.    NNTiai  IS  the  angle  of  attack?  (6-9) 


9  Whatisatlightaxis'^(6-lll 


10     Name  the  flight  axes  of  an  aircraft.  (6-12) 


II    ,Namc  the  movement  around  each  flight  axis.  t6'l  3)  > 


\ 


12.    What  causes  the  aircraft  to  move  around  its  flight  axis''  (6-16) 


/ 
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13.    What  IS  the  purpose  of  the  secondary  flight  conirol  surfaces'^  (6-21) 

iO-  ■ 


14.    When  the  turbinc-dnvcn  hydraulic  pump  fails,  what  type  of  power  is  used  for  the  alternate  source''  (7-2) 


1 5.    What  controls  the  landing  gears  and  how  are  they  actuated?  (7-6) 


16    .What  system  prevents  the  wheels  from  locking  during  landing?  (7-7) 


\ 


17.    By  what  means  are  electrical  requirements  met  op  an  aircraft?  (7-8) 


1 8.    What  IS  the  function  of  the  CSD?  (7-9) 


19.    Name  four  functions  that  an  AC  voltage  regulator  may  perform.  (7-10)  ^ 


20.    What  15  the  function  of  the  AC  generator  control  panel?  (7-1  !)• 


4 
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21 .    If  a  section  of  aircraft  tubing  is  color  coded  with  red  marking  tape  can  you  connect  elcct^rical  wiring  to 
the  tubing?  Why?  (84)  '  ^ 

( 


22.    "How  arc  hydratilic  fluids  generally  classified?  (8-5) 


23.    Why  IS  It  necessary  to  pay  particular  attention  to  lubricating  instructions?  (8-14) 


^  ■     ■  I' 

24.    What  are  the  most  commonly  used  safety  devices?  (9-3) 


25.    What  is  the  common  designation  of  an  electrical  switch?  (9-8) 


26.    What  type  of  switch  can  be  used  to  perform  the  function  of  a  number  otswuches?  (9-11) 


J 


27.    What  are  mechanically  operated  switches  used  for?  (9-12) 


28.    WJiat  type  switch  is  used  m  fife-warning  circuits?  (9-14)*  ,  ^ 
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What  are  electrically  operated  switches  called?  (9-18) 


J  77 


What  two  devices  are  used  to  control  the  intensity  of  lights?  (9-22) 

/ 


What  IS  the  simplest  overcurrent  protection  device?  (9-27) 


How  may  one  know  that  the  bakeliie  fuse  is  good  or  bad?  (9-31 ) 


Where ^are  current  limiters  generally  placed  in  a  parallel  bus  feeder  system''  (9-33) 


What  advantage  does  the  circuit  breaker  have  over  th^fuse  and  current  Iimiters,''  (9-35) 


What  type  of  breaker  is  used  in  circuits  which  would  constitute  an  in-flight  emergency  if  they  were  not 
energized*^  (940)  ^  .    •  . 
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3t.    What  special  case  authorizes  a  soldered  terminal  or  splic/?  (9-42) 

r  * 

37.    What  advantage  do  cnmp-on  terminals  and  splices  have  on  soldered  connections?  (9-44) 


38.    What  two  assemblies  make  up  an  electrical  connectoi^  (9-50)* 


39.    What  IS  the  purpose  of  installing  a  short  length  of  wire  in  all  unused  pins  of  an  electrical  connector''  (9-54) 


40.    What  physical<haracteristics  c^f  copper  wire  account  for  its  wide  usage?  (9-55) 


41 .    Where  is  aluminum  wire  generally  used?  (9-56) 

) 


42.    How  IS  wire  size  designated?  (9-59) 


4  * 


43.    What  IS  the  proper  distances  when  marking  wire?  (9-64)  ^ 

.    ^  la'/ 


ERIC      ,  . 


44.    What  precaution  is  taken  when  routing  wires  through  hqt  areas?'(9-70) 


45     How  should  wire  bundles  be  installed  across  hinges?  (9-74) 


\ 

46.    Where  is  wire  lacing  authorized?  (9«78) 


47     What  advantage  do  compact  wire  bundles  have  over  conventional  wire  bundles''  (9-79) 


43.    What  is  the  purpose  of  terminal  block?  (9-84) 


49.  I  What  IS  meant  by  bonding?  (9-89) 


50.  How  are  the  letter  number  combinations  processed  into  the  instalation  of  the  wires?  (9 

5 1 .  What  IS  one  secret  to  good  soldering/fccording  to  the  text?  (9-94) 


g^C( 
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52..   How  are  good  soldering  techniques  dq^veloped? 


/90  . 


53.    What  tool  has  taken  the  place  of  the  soldering  iron  in  many  cases?  (9-98) 


54,    What  two  tools  are  comi^only  used  to  remove  insulation  from  .wires?  (9-102) 


r 


55.    What  b  the  purpose  of  inspecting  the  electrical  system?  (10-2) 


56.    What  technical  order  covers  electrical  system  inspection  procedures?  ( 10-4) 


) 


51.    How  should  wiring  be  routed  in  regard  to  combustible  or  oxygen  lines?  (10-11) 


r 


58.    What  IS  the  maximum  interval  for  support  clamps  when  installing  wire  bundles?  (10-13) 


,J9y 
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CHAPTER  4 


Oh|cciivo  To  acquire  a  working  knowledge  uf  the  operating  principles  and-applicaiion  of  measuring  devices 
nHjuned  to  pcrlormance  tesi  aircrali  electrical  systems  and  components. 

.  I     After  each  electrical  quantity  shown  below,  indicate  what  instrument  is  used  to  measure  its  effect. 

a.  Electron  movement.  • 
b  Difference  in  potential.  '  ^ 

c.  Opposition  to  current  flow  iii  a  DC  circutt  ,  ^ 

(Intro -2) 


A  thorough  understanding  of  the  operation  and  limitations  of  measuring  devices  is  essential  to  what  three 
phases  of  your  job  as  an  electrician?  (Intro.-5)  =  ^ 

j 


3     What  type  of  meter  movement  is  found  m  most  electrical  test  instruments  you  will  use  on  the  job?  (1 1-2) 


4.    What  provides  tht-  lurmng  force  ofa  moving-coil  meter  movement?  (1  1-3)  | 
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5     Tu  produce  a  uselul  interaction  in  a  D'Arsonval  meter  movement,  what  condition  must  exist?  (11-3) 


J 

ft     Why  IS  the  D'Arsonval  meter  movement  used  in  a  multimeter?  (II -4)  \ 


17  / 
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7.    What  determines  the  sensitivity  of  a  meter?  (1 1-5) 


8.  What  process  is  used  to  overcome  overshooting  and  oscillation  of  the  meter  pointer?  (11-6) 

9.  Why  mustthe  total  resistance  of  an  ammeter  be  kept  low?  (11-7) 

10.  How  are  ammeters  connected  in  a  circuit?  (11-9) 


1 1 .    What  IS  the  correct  procedure  for  checking  an  unknown  cur'rent  with  a  multirunge  ammeter'^  (11-10) 


12.    How  are  voltmeters  connected  m  a  circuit?  (1 1-12,  18) 


13.    What  IS  the  effect  of  using  a  low-resistance  \foltmfeter  across  a  high-resistance  circuit?  (11-21) 


4 
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14. 

How  docs  the  electrodynamometcr  type  meter  differ  from  the  D*Arsonval  meter?  (1 1-22) 

0 

\ 

•  .  x'     '    .   '  ■  ^ 

\ 

15. 

What  controls  overshooting  and  pointer  oscillation  in  the  electrodynamometcr  type  meter  movement'' 
(11-25) 

r 

16. 

What  controls  the  ohmeter  pointer  deflection?  (1 1-29)  ' 

t 

17. 

Why  must  each  ohmeter  range  (R  X  1,RX  10,'etc.)  be  zero-adjusted?  (1 1-32) 

* 

18 

When  resistance  measurements  are  made  in  electrical  circuits,  what  is  the  primary  precaution  to  be 
observed?  (11-35) 

« 

V 

* 

19. 

(n  checking  electroly^  capacitors  with  the  ohmmeter,  why  must  polarity  \\t  observed?  (11-41) 

- 

V 

20 

What  IS  the  primary  function megger?  (1 1-43)  < 

>  ■              ■  ■ 

'  f 

V 

/' 

t 
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21.   What  megger  voltage  is  used  in  one  military  application?.(  11*44) 


22.    What  docs  a  typical  multimeter  contain?  (11-51) 

/ 


23.    When  measuring  an  AC  voltage  with  a  DC  moving-coil  meter,  what  must  be  in  the  fneter  circuit*'  ( 1 1  -54) 


24.    How  is  meter  sensitivity  affected  when  a  haU;:wave  meter  circuit  is  replaced  with  a  full-wave  circuit''  ( 1 1  -55) 


■  ) 

25,    What  value  of  the  sine  wave  of  voltage  or  current  are  AC  meters  calibrated  to  read''  ( 1 1-56) 


26.    What  is  used  to  increase  the  input  resistance  of  a  basic  VTVM?  (1 1-62) 


27.    What  measuring  device  was  designed  to  measure  peak-to-peak  values?  ( 1 1-66) 


28.    What  meter  measures  electrical  power  in  the  aircraft?  (1 1-69) 
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29.    What  type  reading  will  be  obtained  from  a  circuit  with  a  low^ower  factor?  (11-71) 


77^ 


30.    What  type  meter  movement  is  used  in  the  watt-varmeter?  (11-73) 


3 1^     How  can  the  power  factor  of  a  circuit  be  determined?  (1 1  -75) 


32.    What  are  the  mree4ypcs  of  frequency  meters  mentioned  in  the  text?  (11-77-81) 


33     Why  must  the  intensity  control  be  turned  down  on  the  oscilloscope  after  it  has  been  turned  on?  (12-3) 


34     What  devices  are  used  to  adjust  the  electron  beam  vertically  and  horizontally  on  the  oscilloscope?  (124) 


35-    How  IS  the  letigth  of  the  sweep  changed?  (12-7) 


36     What  must  be  known  befbre  usmg  the  oscilloscope  to  dej^rmine  an  unknown  AC  frequency?  (12-11) 
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37.    What  arc  you  'looking  for,  in  gener^^l,  when  examining  a  waveform  in  a  class  A  amplifier  circuit''  (12-17) 


7 


38.    What  are  the  two  general  classifications  of  tube  testers?  (12-19) 


39.    Which  type  tube  tester  provides  the  most  accurate  means  of  testmg?  Why?  (12-19) 


\ 

40.    What  IS  used  to  compensate  for  differ^ijces  in  the  line  voltage  on  the  transconductance  tube  tester  covered 
in  this  text?  (12-21) 


41 .    What  IS  connected  m  series  with  the  primary  transformer  to  prevent  equipment  damage''  ( 1 2-24) 


42.    When  a  tube  is  under  test,  what  indication  reveals  a  shorted  element^  ( 1 2-25) 


43.    What  is  the  purpose  of  tappmg  a  tube  during  a  noise  test?  (12-26) 


205 


44. 


Wfen  atube  is  subjected    a  gas'test,  what  is  an  indication  of  excessive  amount  of  gas  in  the  tube?  (12-27) 


45.    For  what  is  the  Wheatsifee  bridge  generally  uScd?  (12-30) 


CHAPTER  5 

Objectives:  To  be  able  to  relate  the  principles  of  simple  machines,  effects  of  pressure  and  temperature,  and 
electron  physics;  and  to  state  the  general  facts  of  the  properties  of  metals  and  atomic  structure  of  matter 

f 

1.    What  is  a  machine?  (13-2) 


f 

2.    What  does  mechanical  advantage  of  a  machine  measure?  (13-4) 


3.  Name  three  examples  of  simple  machines.  (13-17) 

4.  How  IS  pressure  defined?  (13-21)  >  \  ^ 


5.    How  does  a  rise  in  temperature  affect  the  resistance  of  the  sensing  element  in  a  continuous  cable  fire- 
warning  system?  (1 3-30) 


71  ^ 
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6.    List  three  major  particles  m  an  atom.  (1 3-35) 


7.    What  would  be  the  best  description  of  a.positive  ion?  (1342) 


/ 


8.    What  are  the  major  electrical  categories  of  materials  in  relationship  to  their  ability  to  allow  electric  current 
to  now?  (1348) 


9.    Define  a  good  electrical  conductor.  (1349) 

O  J  1 


10.    When  is  a  material  considered  an  insulator?  (13-54) 


1 1 .    How  does  an  increase  m  temperature  affect  the  resistance  of  semiconductor  material?  (13-58) 


1 2.    Name  the  three  types  of  electrical  charges.  ( 1 3^  1 ) 


2U7 
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1 3.    What.effect  will  like  electrical  charged  have  on  each  other?  ( 1 3-62) 


14.    Whatjre  three  methods  of  producing  a  static  elect ncal^:harge?  (1 3-67-69) 


15.    Define  current  flow.  (13-73) 


16.    What  IS  voltage?  (13-78) 


17.    What  ar€  the  ends  of  a  permanent  magnet  called?  (14-2,3) 


18.    How  can  thc^strength  of  the  magnetic  field  around  a  conductor  carry mg  a  constant  amount  of  current  be 
mcreased?(14-13)  *  i  * 

•4 


19.    What  IS  induction?  (14-16) 
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20.    In  what  direction  would  a  current-carry ing  conduction  move  in  a  uniform  magnetic  field''  { 1 7) 


0 


21.    How  IS  the  resultant  magnetic  field  around  two  conductors  affected  when  current  in  the  conductors  is  m 
opposite  directions.  (14-20) 


22.    Name  the  factors  that  affect  the  magnitude  of  an  EMF  produced  in  a  generator.  (14-24) 


23.    What  is  a  cycle  of  AC?  (14-36,37) 


24.    Define  frequency  in  terms  of  cycles.  (14-38) 


25.    What  determines  the  frequency  of  an  alternator?  (14-40) 


26.    What  is  rms?  (14-44-48) 
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27.    What  equation  is  used  to  find  the  hypotenuse  of  a  right  triangle?  (15-8) 


28.    When  plotting  a  sine  wave  curve,  the  maximum  value  or  values  attained  is  at  what  angle  ur  angles?  (15-19) 


29.    What  IS  the  angle  whose  cosine  is  .9397?  (1 5-27) 


CHAPTER  6 

Objectives.  To  be  able  to  use  Ohm's  law  and  Kirchhoffs  laws  to  stat^  the  mathematical  relationships  of  voltage, 
current,  and  resistance  in  series,  parallel,  and  compound  DC  circuits,  and  to  be  able  to  state  the  basic  properties 
of  inductors  and  capacitors  and  analyze  KG,  RL,  and  RCC  series  and  parallel  circuits.  Also,  to  be  able  to  compute 
inductive  and  capacitance  reactance,  impedance,  voltage,  current,  and  power. 

1.    Define  Ohm's  law.  (16-5)  ,  -  ^ 


2.    What  IS  the  mathematical  relationship  between  voltage,  current,  and  resistance  as  stated  b>  Ohm's  law'^ 
(16^5) 


3.    How  will  an  increase  in  circuit  resistance  affect  circuit  current?  (16-10) 


4^.    Define  Kirchhoffs  current  law.  (J  6-1 5,  16) 


\ 
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5.    Define  Kitchhoffs  voltage  law.  (16-15, 17) 


6.    What  is  a  series  circuit?  (16-21) 


7. '  How  IS  the  total  resistance  in  a  series  curcuit  computed?  (16-23) 


8.    What  IS  the  initial  requirement  before  a  voltage  can  be  measured  in  a  ciroiiit?  (16«26,  27) 


9.    How  is  the  total  battery  voltage  expended  in  a  series  circuit?  (16-29) 


10.    Define  power  in  a  series  resistive  circuit.  (16-30) 


11.    How  is  the  voltage  applied  to  each  path  in  a  parallel  circuit  related?  (1 6-32) 


12.    How  is  total  current  computed  in  a  paraliel  circuit?  (16^38) 

li 


1/' 

13.    What  IS  the  rejationship  between  the  total  resistance  and  the  resistance  in  each  part  of  a  parallel  cir^cuit'] 
(16-39) 


14.    What  is  the  formula  for  computing  total  resistance  in  a  parallel  circuit?  (1643, 44) 


1 5 .    How  are  series-parallel  circuits  analyzed?  ( 1 6-5 1 


1 5    Define  a  capacitor.  ( 1 7-2) 


17.    What  is  the  unit  of  capacitance?  (17-4) 


1 8.    How  does  the  distance  between  the  plates  of  a  capacitor  affect  its  capacitance?  ( 1 7-6) 


19.    How  can  you  compute  total  capacitance  in  a  series  capacitance  circuit?  (17-6) 
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20.    What  limits  the  charging  current  at  the  instant  a  voltage  is  applied  to  a  capacitor  in  an  RC  circuit*'  (17-14) 


0» 

21.    Define  RC  time  constant.  (17-17) 


22.    What  IS  the  phase  relationship  between  capacitor  voyage  and  capacitor  current  in  a  series  RC  circuit'^ 
(17-20) 


23.    What  IS  the  reference  point  for  calculation  of  circuit  constants  in  a'serips  RC  circuit?  (17-21) 


24.    How  can  the  relationship  between  applied  voltage,  voltage  drops,  and  phase  angle  be  determined  in  any 
series  RC  circuit?  (17-22) 


25*  How  can  the  phase  angle  be  computed  in  a  scrids  RC  circuit?  (17-25) 


26.    What  is  the  equation  for  capacitive  reactande?  (17-27) 
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27.    How  is  impedance  computed  in  a  series  RCxircuit?  (1 7-28,  29) 


28.    How  IS  total  current  computed  in  a  parallel  RC  circuit?  (1 7-33) 


29.    What  IS  the  best  method  of  computing  total' impedance  in  a  parallel  RC  circuit?  (17-33) 


30.    What  is  reactive  power?  ( 1 7-38) 


3 1 .    What  IS  true  power?  ( 1 7-39) 


32.    Define  power  factor.  (17-40\ 


33.    Define  inductance.  (1 7-45) 


34.    What  is  the  unit  of  measurement  of*  inductance?  (17-46) 
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35.    I^ow  ^  total  inductance  in  a  parallel  circuit  be  computed?  (1 7-49)  »  *  ^ 


0 


36.    What  is  the  expression  for  LR  time  constant?  (17-56)  ^ 


^         What  IS  the  llje  of  reference  for  both  inductance  and  resistance  in  a  series  LR  circuit?  (17-61 ) 


38.    )Vhat  method  can  be  \ised  to  compute  total  voltage  in  a  series  LR  circuit?  ( 1 7-62) 


39.    What  IS  the  inductive  reactance  equation?  (17dS6) 


41 .    What  is  normally  the  reference  vector^in  parallel  LR  circuits?  (1 7-72) 


42.    How  are  reactances  treated  in  LCR  circuits?  (1 7-79) 
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40.    How  can  you  compute  impedance  in  a  series  LR  circuit?  (17-67)  v  ^ 


\ 
I 
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43.    How  is  impedance  found  in  LCR  circuits?  ( 1 7-79} 


44.    What  is  the  condition  for  resonance?  (17-81) 

.J 

■      '        '  ,  \  CHAPTER  7x 

Objectives:  To  be  able  to  relate  general  operating  princjples.of  magnetic  devices  and  their  application  to  trans- 
formers and  magnetic  amplifier  voltage  regulators.  Also,  to  be  able  to  state  the  basic  operation  and  application 
of  semiconductor  devices. 

1.    Explain  hysteresis.  (18-1 1)  '  '  * 


2.    Define  saturation  .(18-16) 


3.    What  happens  to  the  output  of  a  magnetic  amplifier  when  the  core  becomes  complctcl>  saturated?  ( 18-21 . 
Part  A.  Fig.  1^4) 


4.    What  determines  the  relationship  between  the  input  and  output  coils  in  a  single  magnetic  amphfier?  (8-24) 


5,    Why  IS  a  voltage  reference  necessary  in  a  complete  magnetic  amplifier  circuit?  (18-27) 
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6.  What  is  the  purpose  of  a  feedback  circuit?  (18-30) 


3 


7,  'What  is^  transformer?  (18-34) 


8.   Explain  how  energy  is  coupled  from  a  primary  to  a  secondary  circuit  of  a  transformer?  (18-40) 


9.   How  are  transformers  constructed  to  reduce  losses?  (184749) 


10.    How  many  windings  are  there  in  an  autotransformer?  (18-52) 


1  L    What  IS  mcanfby  the  term  "acceptor  impurities"?  (19-4) 


12.    What  is  meant  by  tfte  term  "donor  impurities"?  (19-5) 


13.    What  happens  when  reverse  bias  is  applied  to  a  PN  junction?  (19-7) 
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14.    Why  4s  it  important  that  bias  voltage  not  be  allowed  to  become  excessive?  (19-7) 


/^W^  WhatSs  **transistor  action"?  (19-18) 


16.    What  does  the  arrow  on  the  emitter  in  a  transistor  symbol  indicate?  (19-21) 


17.    In  what  part  of  a  transistor  docs  the  main  current  flow?  (19-21) 


18.    In|figure  114,  what  circuit  element  is  common  to  the  basic  amplifier  configuration?  (19-25,  Fig.  114) 





19.    What  is  the  letter  symbol  for  emitter  current,  collector  current,  and  base  curre'hr  in  a  CB  amplifier? 
(19-27.  Fig.  116) 


20.    What  IS  triggered  circuit?  (19-29) 
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21.    What  is  the  difference  between  monqstable  operation  and  bistable  operation  in  triggered  circuits? 
(19-35,40) 


22.    In  reference  to  figure  1 18,  what  two  coniponents  determine  the  duration  of  the  triggered  pulse? 
(19-39,  Fig.  118) 


23.    A  NOT^^AND  gating  circuit        example  of  what  basic  transistor  circuit  configuration?  (19-56) 


CHAPTER  8 

Objective:  To  be  able  to  relate  principles  of  operation  and  application  of  electron  tubes  used  in  amplifier  and 
electronic  power  supplies. 

1.   Name  the  types  of  emission  and  an  example  of  the  use  of  each.  (20*1  M4) 


2.   Using  figure  123,  determine  the  plate  current  when  the  voltage  is  20  voUs.  (20-22;  Fig.  123) 


3.  \Vhat  is  a  two-element  tube  called?  A  three-element?  A  four-clement?  (20-23) 

I 

4.  What  is  the  advantage  of  a  dual  diode  over  a  diode?  (20-28) 

219. 

36 


9 


5.  What  IS  the  purpose  of  the  coatrol  grid  in  an  electron  tube?  (20-30) 


6.   Which  lube  has  a  screen  gnd-the  tncode  or  the  tetrode?  (20-36) 


7.   What  electrode  in  an  eleciroYi  tube  eliminates  the  effects  of  secondary  emission?  (20-38) 


8.   in  a  gas-filled  tube,  how  is  the  breakdown  voltage  determined?  (20-42) 


9.  -What  IS  the  advantage  of  a  gas  jdiode  over  a  conventional  diode?  (20-46) 


10.    What  limits  the  use  of  a  gas-filled  VR  lubd?  (20-50) 


1 1 .    What  is  the  function  of  the  anodes  of  a  CRT?  (20-63) 


1^, 


12.    Which  oscill9kope  control  has  the  most  effect  on  the  size  of  the  dot  on  the  screen?  (20-69) 
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13.    What  is  the  advantage  of  using  the  oscilloscope  as  a  voltmeter  instead  of  using  the  ordinary  AC 
voltmeter?  (20-81) 


14.    Which  axis  on  the  scope  is  used  to  represent  time?  (20-84) 


15.    What  type, of  rectifier  (full-wave  or  half-wave)  is  used  when  high  voltage  and  low  current  are  required? 
(21-9) 


16.    Differentiate  between  a  half-wave  and  a  full-wave  rectifier,  and  explain  the  advantage  of  one  over  the 
other.  (21-14) 


17.    What  is  the  purpose  of  a  power-filter  circuit?  (21-15) 


18.    An  LC  filter  circuit  with  the  capacitor  connected  directly  acrbss  the  rectifier  output  is  called  a 
(21-24)      ,  *       .  ' 


19.    What  is  the  purpose  of  the  bleeder  resistor  used  in  a  power  supply?  (21-26) 
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20,,  Why  arc  choke-input  filters  used  in  electronic  circuits  that  require  considerable  power?  (21-27) 
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21.    Why  is  an  electronic  voltage  regulator  used  in  the  power  supply  of  figure  151?  (21-38) 


22.    What  is  meant  by  the  term  "cutoff  as  applied  to  vacuum  tube  plate  current?  (22-9) 


23.    Why  is  it  necessary  to  prevent  a  triode'from  operating  along  the  curved  part  of  its  characteristic  curve? 
(22-9) 


24.    What  are  the  two  types  of  amplifier  coupling  most  commonly  used?  (22-17) 


25.    What  is  meant  by  the  term  "regenration"?  (22-23) 


26.    Can  feedback  be  used  to  increase  the  gain  of  an  amplifier?  (22-27) 
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CHAPTER  2 

1 .  "Accident  prone"— Pedple  who  generally  take  a  negative  approach  to  safety  programs. 
"Safety  conscious"-People  who  have  taken  positive  action  toward  safety.  (Intro. -2.  3) 

2.  The  propeller  is  a  danger  area.  (3-4) 

3.  The  intake  and  exhaust  are  danger  areas  in  reference  to  a  jet  engine.  (3«5, 6) 

4.  Ear  plugs  should  be  worn  while  working  around  operating  jet  engines.  (3-7) 

5.  The  maintenance  instructions  (TO)  for  that  helicopter  contain  the  safe.appruaches.  (3-10) 

6.  One  should  always  be  cautious  and  careful  while  in  the  cockpit.  (3-13) 

7.  These  hazards  come  because  of  the  pressure  and  speed  that  the  system  works  under.  (3-16) 

8.  In  a  position  to  see  all  around  the  aircraft.  (3-18) 

9.  Radar  beams  are  extremely  hazardous  to  the  eyes.  (3-19) 

10.  You  are  responsible  to  yourself  and  the  Air  Force  concerning  knowledge  about  radioactive  materials.  (3-21) 

1 1 .  Good  housekeeping  is  that  neatness  and  cleanliness  that  is  necessary  for  the  successful  perfurmance  of  a  job. 
(4-1)  '         '  ... 

12.  Many  fires  are  started  because  of  carelessness  and  poor  housekeeping.  (4-9) 

13.  Safety  IS  everyone's  responsibility.  (4-12)  ,  *  ^ 

CHAPTER  '3 

1.  The  fighter  is  the  aircraft  that  engages  the  enemy  on  the  ground^nd  in  the  air.  (54) 

2.  The  wing  design  is  one  of  the  most  prominent  distinguishing  features  of  an  aircraft.  ( 5'8) 

3.  The  three  wing  designs  are  the  conventional,  swept,  and  delta.  (5-9-1 1) 

4.  The  purpose  of  aircraft  designation  is  to  identify  e^ch  aircraft  and  its  mission.  (5-13) 
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5. 
6. 
7. 
8. 

9. 

10. 
II 

12. 
13 

14. 

IS. 
16. 
17. 
18. 
19. 

20. 
21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 


The  chord  line  is  often  referred  to  when  discussing  an  airfoil.  (6-3) 

The  four  aerodynamic  forces  are  lift,  gravity,  thrust,  an<J<drag.  (6-4) 

Relative  wind  is  the  direction  of  airflow  with  respect  to  the  airfoil.  (6-8) 

The  angle  of  attack  is  the  angle  between  the  relative  wind  and  the  chord  line  of  an  airfoil.  (6-9) 

An  imaginary  line  parssing  through  the  aircraft's  center  of  gravity  that  is  used  as  a  reference  for  movement. 
(6-11) 

The  flight  axes  of  an  aircraft  are  longitudinal,  lateral,  and  vertical.  (6- 1 2) 

An  aircraft  rolls  around  the  longitudinal  axis,  pitches  around  the  lateral  axis,  and  yaws  around  the  vertical 
axis.  (6-13) 

The  main  control  surfaces  cause  the  movement  around  the  flight  axis.  (6- 1 6)  , 

The  secondary  flight  control  surfaces  reduce  the  force  required  to  move  the  primary  flighuontrol  surfaces. 
(6-21)  . 

An  alternate  source  of  pressure  for  hydraulic  systems  comes  from  an  automatically  controlled,  motor- 
driven,  AC  pump.  (7-2)  ^ 

The  landing  gears  are  electrically  controlled  and  hydraulically  operated.  (7-6) 

The  antiskid  system  prevents  wheel  skid  during  landing.  (7-7) 

Electrical  requirements  are  met  by  AC  and  DC  power  supplies  and  distribution  systems.  (7-8) 
The  CSD  drives  the  generator  at  a  constant  speed.  (7-9) 

Four  functions  of  the  AC  regulator  are  to  regulate  voltage,  divide  the  reactive  load,  limit  current,  and 
rectify  the  output  of  the  permanent  magnet  generator.  (7-10) 

The  function  of  the  generator  control  panel  is  to  protect  the  generator  and  generator  drive.  (7-1 1 ) 
No.  Tubing  color  coded  with  red  marking  tape  indicates  it  is  a  fuel  line.  (8-4) 
Hydraulic  fluids  are  generally  clqjsified  as,to  their,  type  of  base.  (8*5) 

Because  greases  are  made  to  specification,  according  to  operating  temperature  requirements.  (8-14) 
The  most  commonly  used  safety  devices  are  safety  wire  and  cotter  pins.  (9-3) 
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The  common  designation  of  an  electreical  switch  is  by  the  number,  poles,  throws,  and  positions  they  have. 
(9-8) 

The  rotory  selector  performs  the  function  of  a  number  of  switches.  (9-11) 
Mechanically  operated  switches  are  used  for  limit  switches  and  position  indication.  (9-1 2) 
The  thermal  switch  is  used  in  a  fire-warning  system.  (9*14)  ^ 
Electrically  operated  switches  are  called  relays.  (9-18) 

The  two  devices  used  to  control  light  intensity  are  the  rheostat  or  the  potentiometer.  (9-22) 
The  simplest  circuit-protection  device  is  the  fuse.  (9-27) 
A  multimeter  is  needed  to  determine  the  condition  of  a  bakelite  fuse.  (9-3 1 ) 
Current  limiters  are  generally  placed  at  both  ends  of  a  parallel  feeder  system.  (9-33) 
The  advantage  of  the  circuit  breaker  is  that  it  cali^reset.  (9*35) 


35.  The  non-trip-free  breakers  are  used  in  circtiiis  where  in-flight  emergencies  might  occur.  (9-40) 

36.  Thermocouple  connections  are  connections  that  can  be  soldered.  (942) 

37.  Crimp^on  terminals  require  a  minimum  of  time  and  effort.  (9-44) 
.    38.  A  plug  assembly  and  a  receptacle  assembly  are  needed  to  make  an  electrical  connector.  (9-50)  * 

39.  Unused  pins  are  filled  with  wire  to  provide  additional  circuits  to  be  included  in  the  connector  (9-54) 

40.  'It  has  high  tensile  strength,  is  relatively  free  from  corrosion,  and  is  easy  to  solder.  (9-55)  •  ^ 

41 .  It  is  generally  restricted  to  large  wires  for  power  feeder  leads.  (9-56) 

ft 

42.  Wire  size  is  designated  by  a  wire  gage  numbering  system.  (9-59) 

43.  Wire  should  be  marked  every  1 5  inches  and  3  inches  from  each  end.  Wires  less  than  3  inches  need  not  be 
marked.  (9^) 

44.  Wires  routed  through  hot  areas  should  be  insulated  with  high-tempei;ature-resistant  material  (9-70) 

45.  Wires  bundles  must  be  installed  to  twist  instead  of  being  bent  across  hinges.  (9-74) 
-    46.  Wire  bundles  are  laced  only  when  they  are  inclosed  in  a  junction  box.  (9-78) 

47.  Compact  wire  bundles  save  weight  and  space,  and  require  less  maintenance.  (9-79) 

48.  Terniinal  blocks  provide  a  means  of  connecting  terminals  inside  a  junction  box  or  distribution  panel. 
(9-84) 

49.  Bonding  is  a  fixed  union  between  two  metal  objects  that  provides  a  path  for  current  flow.  (^9) 

50.  The  wire  marking  machine  presses  the  letter  number  combinations  mto  the  insulation  of  the  wire.  (9-93) 

51 .  A  soldering  iron  that  is  clean  and  properly  tinned  is  one  of  the  secrets  to  good  soldering.  (9-94) 

52.  Good  soldering  techniques  come  with  experience.  (9-97) 

53.  The  crimping  tool  has  replaced  the  soldering  iron  in  many  cases  because  it  is  easier  to  use  and  does  not 
require  electrical  power.  (9-98) 

54.  The  jack  knife  and  hand  stripper  are  used  to  remove  insulation  from  wires.  (9-102) 

55.  The  purpose  of  inspecting  the  electrical  system  is  to  prevent  aircraft  from  being  disabled  and  to  prevent 
flights  from  being  interrupted.  ( 1 0-2) 

'56.    Technical  Order  8-1-1  covers,  in  detail,  the  electrical  system  inspection  procedures.  (10-4) 

57.  Wiring  should  be  routed  parallel  to  combustible  fluid  or  oxygen  lines  and  should  be  a  distance  of  6  inches 
from  the  lines.  (10-11) 

58.  Wire  bundles  should  be  supported  at  intervals  of  not  more  than  24  inches.  (10-13) 

CHAPTER  4 

1 .  fl.  A  ammeter  is  used  to  measure  electron  movement. 
b,  A  voltmeter  is  used  to  read  a  difference  in  potential. 

*  c.  An  ojimmeter  is  used- to  read  opposition  to  current  flow.  | 

(Intro.  -2)  ^ 

2.  One  must  know  operation  and  limitations  of  meters  to  troubleshoot,  service,  and  maintain  electrical 
systems  and  equiprpent.  (Intro.-5)-v^ 

3.  The  D'Arsonval  meter  movement  is  found  in  most  of  your  test  instruments.  (1 1-2) 
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4    The  turning  force  is  provided  by.  the  reaction  between  a  stationary  magnetic  field  and  the  magnetic  field 
around  a  DC  cod.  (11-3) 

5.    The  current  flow  must  always  be  in  the  same  direction  and  of  the  correct  polarity.  (11-3) 

6     Because  the  movement  is  rugged,  accurate,  and  capable  of  measuring  DC  voltage  and  current,  AC  voltage, 
and  resistance.  (1  M) 

7.  The  amount  of  current  necessary  for  a  full-scale  deflection.  (1 1-5) 

8.  Damping  is  the  process  that  eliminates  overshooting  and  the  tendency  of  the  pointer  to  oscillate.  (1 1-6) 

9.  To  prevent  an  appreciable  decrease  in  circuit  curjent.  (11-7) 
10.    Ammeters  arc  conne^ired  in  series  with  the  Joad.  (1 1  -9) 

1 1     To  measure  an  unknown  current  with  a  multirange  ammeter,  you  should  start  with  the  highest  range  and 
progress  down  until  a  suitable  reading  is  obtained.  (1  MO)  ^ 

12.    A  voltmeter  is  connected  in  parallel  with  a  circuit.  (1 1-12, 18) 

13    This  sets  up  ^shunting  action  of  the  meter.  (1 1-21) 

14.    No  permanent  magnet  is  used  in  tht  electrodynamomeier.  (1 1-22) 

1 5     Overshooting  and  oscillation  is  eliminated  by  means  uf  aluminum  vanes  that  move  in  inclosed  air  chambers. 
(11-25) 

16.  The  ohmmeter's  pointer  deflection  is  controlled  by  the  amount  of  battery  current  passing  through  the 
moving  coil.  (11-29) 

17.  The  meter  should  be  "zeroed'*  because  of  the  different  resistors  for  each  range.  (1 1-32) 

18.  An  ohmmeier  should  never  be  used  in  a  circuit  where  a  voltage  already  exists.  (1 1-35) 

19     Because  current  passes  more  readily  through  the  electrolytic  capacitor  in  one  direction  than  in  the  other 
(IMl) 

20.  A  megger  is  used  to  measure  a  large  value  of  electrical  resistance.  (1 1-43) 

21 .  In  the  military  application,  the  megger  dehvers  500  volts  DC.  (1 1 44) 

22.  A  typical  multimeter  contains  voltmeter,  miiliammeter,  and  ohmmeter  circuits  using  a  single  meter 
movement.  (11-51) 

23     When  a  moving-cofl  meter  movement  is  used  to  measure  AC  quantities,  the  meter  circuit  must  contain  a  ^ 
rectifier.  (1 1-54) 

24.  When  a  half-wave  circuit  is  replaced  with  a  full-wave  circuit,  sensitivity  is  doubled.  (1 1-55) 

25.  AC  meters  are  calibrated  to  read  rms  value.  (1 1-56) 

26.  A  high-resistance  voltage  divider  is  used.  (1 1-62) 

27.  The  VTVM  is  used  to  measure  peak-to-peak  values.  (1 1-66) 

"  28.    The  wattmeter  measures  elecrical  power.  (1 1^69)  |f 

29.  A  very  low  reading  will  te  obtained  from  a  circuit  with  a  low-power  factor.  (1 1-71) 

30.  The  watt-varmeter  uses  the  electrodynamometer  type  meter  movement.  (1 1-73) 

31     The  power  factor  of  a  circuit  may  be  determined  by  the  use  of  a  wattmeter,  a  voltmeter,  and  an  ammeter. 
(11-75) 
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32.  The  three  frequency  meters  covered  in  this  course  are  dynamometer  type,  vibrating  reed  type,  and 
frequelfey  counter.  ( 1 1  -TT-S 1 ) 

33  The  intensity  control  must  be  turned  down  on  the  oscilloscope  to  prevent  burning  the  CRT.  (12-3) 

34.  Potentiometers  are  used  tl  adjust  the  electron  beam.  (124) 

35.  The  length  of  the  s^^•eepYs  changed  by  varying  the  horizontal  gain  control.  (12-7) 

36.  The  sweep  frequency  must  be  known  to  determine  an  unlcnown  frequency.  (12-11) 

37.  A  smooth  curve  in  which  the  positive  and  negative  peaks  are  identical.  (12-17) 

38.  The  two  tube  testers  are  emission  and  transconductance.  (12-19) 

39  The  most  accurate  tester  is  the  transconductance  type.  A  tube  may  indicate  normal  emission  and  still  not 
operate  properly.  (12-19) 

40  To  compensate  for  differences  in  the  line  voltage,  use  the  LINE  ADJUST  knob.  (12-21) 

41 .  A  small  protective  lamp  is  connected  in  scries  with  the  primary  transformer.  (1 2-24) 

42.  The  neon  lamp  will  glow  continually  on  one  or  more  switch  positions.  ( 1 2-25) 

43.  Tapping  the  tube  will  cause  movement  of  loose  electrodes.  ( 1 2-26) 

44.  Excessive  gas  will  be  indicated  by  an  increase  of  more  than  one  scale  division.  (I2«27) 
45  The  Wheatstone  bridge  is  generally  used  to  measure  resistance.  (12-30) 


1 .  A  machine  is  a  device  that  helps  you  do  work.  ( 1 3-2) 

2  Mechanical  advantage  is  the  ratio  of  resistance  to  applied  force  which  measures  the  efficiency  of  the 
machine.  (134) 

3.  Three  examples  of  simple  machines  are  the  leaver,  inclined  plane,  and  screw.  (13-17) 

4.  Pressure  is  the  push  or  pull  per  unit  area  of  surface  acted  upon.  (13-21) 

5.  The  resistance^will  decrease.  (13-31)  ' 

6.  The  three  major  particles  of  an  atom  are  the  proton,  neutron,  and  electron.  (1 3-35) 
7  A  positive  ion  is  one  that  has  a  deficiency  of  electrons.  (1342) 

8.  The  three  major  electrical  categories  of  materials  are  insulators,  conductors  and  semiconductors.  ( 1 348) 

9.  A  good  conductor  is  a  material  that  has  a  large  number  of  free  electrons.  (1349) 
10.  A  material  is  a  good  insulator  when  all  electrons  are  held  tightly  to  its  orbit.  (13-54) 

1 1  As  the^emperature  of  a  semi-conductor  tpaterial  increases,  its  resistance  decreases.  (13-58) 

12.  The  three  types  of  electrical  charges  are  positive,  negative,  and  neutral.  (13-61) 

1 3.  Like  charges  will  repel  each  other.  ( 1 3-62) 

14.  Static  electrical  charges  are  produced  by  friction,  conduction,  or  induction.  (13-67-69) 
15  Current  flow  is  the  movement  of  free  electrons  from  negative  to  positive.  (13-73) 

16.  Voltage  is  the  difference  of  potential  between  two  points.  (13-78) 

1 7.  North  and  south  poles.  (14-2,3) 
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1 8.  By  winding  it  in  a  coil  or  by  looping  it.  ( 1 4- 1 3)  . 

19.  Induction  is  the  process  by  which  electric  current  is  produced  wiihin  a  conductor  when  moved  in  a 
magnetic  field.  (14-16) 

20.  A  current-carrying  conductor  will  always  move  at  right  angles  to  the  field.  (14-17) 

21 .  The  magnetic  field  will  be  strengthened.  (14-20)  • 

22.  The  factors  that  affect  the  magnitude  of  an  EMF  produced  m  4  generator  are  the,strength  of  the  magneiic  ' 
field  and  its  relative  speed.  (14-24) 

23.  When  the  voltage  rises  and  falls  through  360E^  ( 14-36, 37) 

24.  Frequency  is  the  number  of  cycles  in  1  second.  (14-38)  , 

25.  The  frequency  of  an  alternator  is  determined  by  the  number  of  poles  in  the  alternatpr  and  its  ^eed  of 
rotation,  (14-40) 

26.  The  effective  value  of  an  AC  voltage  is  rms.  (14-44-48) 

27.  c=>^TF  (15-8) 

28.  A  maximum  value  occurs  at  both  90°  and  270°  of  the  sine  wave  curve.  (15-19) 

29.  The  angle  is  20°.  (15-27) 

CHAPTER  6  ^ 

1.  Ohm  stated  that  current  through  an  electrical  component  is  directly  proportional  to  the  voltage  across  the 
component  and  inversely  proportional  to  its  resistanq^l6-5) 

2.  The  mathematical  relationship  is  stated  as  I  =     (16-5)  ^ 

3.  An  increase  in  circuit  resistance  will  decrease  circuit  current.  (16-10) 

4.  Kirchhoff  s  current  law  states  that  the  algebraic  5um  of  the  currents  entering  and  leaving  a  junction  is 
zero.  (16-15, 16) 

5.  Kirchhoff  s  voltage  law  states  that  the  algebraic  sum  of  the  applied  voltages  and  voltage  drops  around  any 
closed  circuit  is  zero.  (16-15, 17).  *  ^ 

6.  A  series  circuit  is  a  circuit  that  has  only  one  path. for  current  flow.  (16-21) 

7.  Total  resistance  is  computed  by  summing  up  the  individual  resistances  or,  if  totarvoltage  and  current  are 
known,  applying  Ohm's  law.  <1 6-23) 

8.  Before  you  can  measure  voltages,  you  must  first  establish  a  reference  point,  otherwise  determining 
polarities  would  be  impossible.  (16-26,  27) 

9.  Total  voltage  is  the  sum  of  the  individual  voltage  drops.  (16-29) 

10.  Power  is  the  product  of  voltage  a^d  current.  (16-30) 

11.  The  voltage  applied  to  each  path  in  a  parallel  ciDCuit  is  the  same  and  is  applied  simultaneously.  (16  32) 

12.  Total  current  is  the  sum  of  the  currents  of  each  path.  (16«3?)  * 


13.    Total  resistance  is  smaller  than  the  resistance  of  ihe  path  with  the  least  resistance.  (16-39) 
\  "1  i  "  R  \\  P^^^'"  ^^^^^^ 
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15.  Series  parallel  circuits  can  be  analyzed  by  applying  the  rules  for  both  series  and  parallel  circuits  where 
required.  (16*51) 

16.  A  capacitor  consists  of  two  plates  separated  by  a  dielectric.  (n«2) 
-1 7.    Capacitance  is  measured  in  farads.  ( 1 7-4) 

18.  Increasing  the  distance  between  the  plates  of  a  capacitor  will  decrease  the  capacitance  and  vice  versa. 
(17-6) 

19.  Total  capacitance  in  a  series  circuit  = 

't=E7l  '  '         '  ' 

20.  Charging  current  is  limited  by  circuit  resistance.  (1 7-14) 

21.  RC  time  constant  is  the  measure  of  how  rapidly  voltage  and  current  change  can  respond  to  changes  in 
voltage  current  amplitudes.  (17*17) 

22.  There  is  a  90°  phase  shift  with  current  leading  the  voltage.  (1 7-20) 

23.  Since  current  is  the  same  in  all  parts  of  a  series  circuit,  it  is  used  as  the  reference  point.  (17-21) 

24.  The  relationship  is  determined  by  elementary  vectors.  (1 7*22) 

  E 

25.  The  phase  angle  is  computed  by  trigonometric  methods  0  =  arc  tan  _ 
(17-25) 

26.  Capacitive  reactance  =  X  =  ^  L, 
(17.27)  •     ^  ^^^^ 

27.  Impedance  is  com]^ted  b^ectors.  Impedance  =  Z  =  \/R^  + 
(17-28,29) 


28.  By  vectors.  Total  current  =  I  =  Vl  ^  + 

T         R  V* 

(17-33) 

29.  Total  impedance  of  parallel  circuits  =  Z 

7  7 

Z  =:  ^  ^     where  Z,  and  Z^  is  the  impedance  of  each  path. 
T    Z I  +  Zj 

.  (17-33) 

30.  Reactive  power  is  the  power  associated  with  an  inductor  or  capacitor  and  is  returned  to  the  source  without 
doing  any  work.  ( 1 7-38) 

^  3\!  True  power  is  the  power  associated  with  the  resistive  circuit  elements  and  represents  the  actual  rate  of 
doing  work.  TP  is  expressed  in  watts.  (17-39) 

32.  Power  factor  is  the  ratio  of  true  power  to  apjparent  power  and  measures  the  efficiency  of  the  circuit. 
'(1740) 

33.  Inductance  is  that  property  of  a  circuit  that  tends  to  prevent  a  change  in  current,  (1 7-45) 

34.  Inductance  is  measured  in  henrys.  (1 7-46) 

35.  Parallel  inductors  are  added  as  parallel  resistances 

L   =  1  


T     1_    i_  L 
L,  +  Lj  +  L3 

(1749) 

»  * 
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36    Time  constant:  1  =  5-  seconds.  (17'56) 
K 


37    The  line  of  reference  in  a  series  circuit  for  both  inductance  and  resistance  is  current  since  it  is  the  same  in 
all  parts.  (17^1) 

38.  Total  voltage  in  a  seri^^ciJC^uU  is  competed  by  vectors: 

39.  Inductive  reactance:  X     2  nfL  * 
(17^6)  ^ 

40.  Impedance  is  computed  in  the  same  manner  as  with  series  RC  circuits  by  vectors 
Z  =  VR'  +Xj^'  (17-67) 

41     The  applied>^oltage  vector^isls^d  as  the  reference  vector  since  voltage  is  the  same  to  each  path-.  (17-7;:) 

42.    Rcacta^ncesare  directly  added  in  LCR  circuits  since  th^are  180''  out  of  phase.  (17-7^) 

43     To  complete  impedance  in  LCR  circuits,  subtract  capacitive  reactance  from  inductive  reactance  and  then 
use  vectors  with  resistance.  (1 7-79) 


44.    Resonance  occurs  when      =  X^.  (17-81) 


CHAPTER  7 


1  -    The  l|imngof  Rjagnetic  flux  behind  the  magnetic  force  that  produced  the  flux  is  hysteresis.  (18-11) 

2.    Saturati&n  is  the  point  of  flux  density  that  is  maximum  for  that  core.  An  increase  in  magnetizing  force 
causes  no  increase  in  flux  density.  (18*16) 

3-    The  AC  voltage  in  the  input  coil  can  no  longer  create  a  flux  change  in  the  jcore,  and  therefore  there  will  be 
maximum  output  from  the  amplifier,  (f  8-21 ;  Part  A,  Fig.  114) 

4.  The  number  of  turns  of  wire  in  ea<;h  coil.  (18-24) 

5.  A  voltage  reference  is  necessary  to  maintain  a  constant  voltage  reference  signal  (to  the  first  stage  of  the 
mag  amp)  over  a  wide  range  of  generator  output.  (18-27) 

6  The  purpose  of  the  feedback  circuits  is  to  detect  and  damp  out  the  effect  of  a  change  in  output  circuit  of 
a  magnetic  amplifier.  (18-30) 

7  A  transformer  is  a  device  that  makes  possible  the  transfer  of  electrical  energy  from  one  circuit  to  another. 
(18-34)  ^  ^  , 

8.    Energy  is  coupled  from  the  primary  to  the  secondary  by  means  of  the  mutual-induction  principle.  (18-40) 

9     The  core  of  soft  iron  is  laminated  into  very  thin  strips  and  each  strip  is  insulated  against  each  other.  This 
prevents  iron  losses.  The  windings  are  as  short  and  as  large  as  possible  to  reduce  copper  losses.  (1847, 49) 

10.    There  is  one  winding  in  an  autotransformer.  (18-52) 

1 1  '^Acceptor  impurities*'  are  those  that  take  on  valence  electrons  to  make  the  semiconductor  substance 

.positive.  (19-4)  ^ 
L  -  • 

1 2  "Donor  impu;ities"  are  those  that  give  up  electrons  to  make  the  semiconductor  substance  negative.  (19-5) 

13.    The  resistance  of  the  potential  barrier  is  increased  to  the  point  where  no  electrons  can  flow  in  the  external 
circuit!  (19-7) 
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14.  The  crystalline  structure  of  the  transistor  will  break  down  and  the  only  opposition  to  current  flow  will  be 
'    the  resistance  of  the  material.  (19-7) 

15.  The  power  gained  as  a  signal  is  transferred  from^a  low-resistance  circuit  to  a  high-resistance  circuit,  (19-18) 

16.  It  identifies  the  emitter  and  indicates  the  type  of  transistor,  NPN  or  PNP.  (19-21) 
17..  The  main  current  flows  from  the  emitter  to  the  collector.  (19-21) 

18.  The  circuit  clement  that  is  grounded  or  common  (emitter)  to  the  input  circuit  and  output  circuit  is 
common  to  the  basic  amplifier  configura|ion.  (19-25,  Fig.  1 14) 

19.  Emitter  current,  I  ;  collector  current,  1  ;and  base  current,  I..  (19-27,  Fig.  1 16) 

e  -        c  0 

20.  A  triggered  circuit  is  one  m  which  an  externally  applied  signal  causes  an  instantaneous  change  in  the 
operating  state  of  a  circuit.  (19*29) 

21.  Monosta^e  operation  requires  only  one  triggered  pulse,  while  bistable  operation  requires  two  triggered 
pulses.  (19-35, 40) 

22.  The  duration  of  the  output  or  triggered  pulse  is  determined  by  the  values  or  time  constant  of     ^  and 

J.  (1 9-39,  Fig.  118) 

23.  A  NOT  AND  gating  circuit  is  an  example  of  a  common-emitter  amplifier.  (19-56) 

CHAPTER  8 

1 .  Thermionic  (vacuum  tubes),  secondary  (none),  photoelectric  (photo-cell),  and  cold  cathode  (gas  voltage 
regulator  tube).  (20-1 1-14)  . 

2.  The  plate  current  is  9  ma.  (20-22,  Fig.  1 23) 

3.  Diode;  triode;  tetrode.  (20-23) 

4.  The  dual  diode  serves  as  a  full-wave  rectifier,  whereas  the  diode  serves  as  a  half-wave  rectifier  (20-28) 

5  The  purpose  of  the  control  grid  is  to  govern  the  movement  of  electrons  between  the  cathode  and  the 
plate.  (20-30) 

6  The  tetrode.  (20-36)  * 

7  The  suppressor  grid  eliminates  the  effect  of  secondary  emission.  (20-38) 

8.  The  breakdown  voltage  ts  determined  primarily  by  the  type  of  gas,  the  materials  used  for  the  electrodes, 
and  their  size  and  spacing.  (20-42) 

9.  In  the  gas  diode,  the  ionized  gas  allows  more  current  to  flow  with  less  voltage  loss,  making  the  gas  diode  a 
more  efficient  voltage  regulator.  (20-46) 

10.  The  VR  tube  has  a  voltage  limitation;  it  is  not  made  for  high  voltages.  How,ever,  this  can  be  overcome 
connecting  them  in  series.  (20-50) 

11.  The  anodes  focus  the  direction  of  the  electrons  emitted  by  the  electron  gun.  (20-^3) 

12.  The  focus  control  has  the  most  effect  on  the  size  of  the  dot  on  the  screen.  (20-69) 
13     The  oscilloscope  has  a  much  higher  input  impedance.  (20-81) 

-  14.    The  horizontal  axis  represents  time.  (20-84) 
.  15.    Half-wave  rectifier.  (21-9) 

V 
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16.    In  the  half-wave  rectifier  only  the  positive  alternations  are  passed;  in  the  full-wave  rectifier  over  the  full-  ) 
wave  rectifier  is  that  the  entire  secondary  output  is  rectified,  while  the  full-wave  rectifier  requires  twice 
the  secondary  output  to  provide  the  same  DC  output  of  a  half-wave  rectifier.  (21-14) 

V 

17*    The  power-filter  circuit  reduces  the  ripple  and  delivers  a  nearly  constant  direct  current  to  the  output 
terminals.  (2M5) 

\  8.    Capacitor -input  filter.  (2 1  -24) 

19.  The  bleeder  keeps  a  load  on  the  circuit  and  protects  the  filter  capacitors  when  the  tube  starts  to  conduct 
(21-26) 

20.  Choke-input  filters  provide  good  voltage  regulation.  (21-27) 

21.  The  type  of  electronic  voltage  regulator  used  in  figure  151  provides  a  constant  output  voltage  despite 
changing  input  voltage  and  changing  loads.  (2 1  -38)  '  I 

22.  The  **cutofris  the  point  at  which  the  potential  on  the  control  grid  is  sufficient  to  stop  current  flow 
through  the  tube.  (22-9) 

23.  ^  It  is  necessary  to  prevent  a  triode  from/)pcrating  along  the  curved  bart  of  its  characteristic  curve  to 

prevent  grid  current  from  flowing.  (22-9) 

24.  The  two  types  of  amplifier  coupling  most  commonly  used  are  the  RC  and  the  transformer.  (22- 1 7) 

25.  "Regeneration'*  is  the  addition  of  a  portion  of  the  amplified  output  to  the  input  to  increase  the  gam  of  the 
unit.  (22-23) 

26.  Yes,  by  feeding  back  some  of  the  output  into  the  input  circuit.  (22-27)  * 
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VOLUME  REVIEW  EXERCISE 


Carefully  read  the  following: 
DO'S 

1 .  Check  the  "course,'*'  ^Volume/'  and  "form'*  numbers  from  the  answer  sheet  address  tab  against  the 
**VRE  answer  sheet  identification  number'*  in  the  righthand  cohrnin  of  the  shipping  list.  If  numbers 
do  not  match*  take  action  to  return  the  answer  sheet  j^nd  the  shipping  list  to  ECI  inunediately  with 
a  note  of  explanation. 

M 

2.  Note  that  numerical  sequence  on  answer  sheet  alternates  across  from  column  to  column. 

3.  Use  only  medium  sharp  #  1  .black  lead  pencil  for  marking^swer  sheet. 

4.  Circle  the  correct  answer  in  this  test  booklet.  After  you  arc  sure  of  your  answers,  transfer  them  to 
the  answer  sheet.  If  you  have  to  change  an  answer  on  the  answer  sheet,  be  sure  that  the  erasure  is 
complete.  Use  a  clean  eraser.  But  try  to  avoid  aiiy  erasure  on  the  answer  sheet  if  at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  mandatorily  enrolled  student ,  process  questions  or  comments  through  your  unit  trainer  or  OJT 
supervisor.  c 

\{  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17.  ^ 


'  1 .     Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double  marks  or  excessive  markings 
which  overflow  marking  blocks  will  register  as  errors. 

3.  Don't  fold»  spindle,  staple,  tape,  or  mutihte  the  answer  sheet. 

4.  Don't  use  ink  or  any  marking  other^than  with  a  #  1  black  lead  pencil. 


'';Uoit:  The  3*digit  number  in  parenthesis  immediately  following  each  item  number  in  this  Volume 
Review  Exercise  represents  a  Guide  Number  in  the  Study  Reference  Guide  which  in  turn  indicates 
the  area  of  the  text  where  the  answer  to  that  item  can  be  found.  For  proper ^iise  of  these  Guide 
Numbers  in  assisting  you  with  your  Volum^ Review  Exercise,  read  carefully  the  instructions  in 
the  heading  of  the  Study  Reference  Guide. 
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Multiple  Choice  ' 


Note:  The  first  three  it«ms  in  thii^xercise  are  based  on  instructions  that  were  included  with  >our 
course  materials.  The  correctness  or  incorrectness  of  your  answers  to  these  items  will  be  reflected  in  your 
total  score.  There  are  no  Study  Reference  Guide  subject-area  numbers  for  these  first  three  items. 

1.  If  I  tape,  staple  or  mutilate  my  answer  sheet;  or  if  1  do  not  cleanly  erase  when  I  make  changes  on 
the  sheet;  or  if  I  write  over  the  numbers  and  symbol^  along  the  top  margin  of  the  sheet , 

a .  I  will  recteive  a  new  answer  sheet . 
,b.  my  answer  sheet  will  be  hand-graded. 

c.  I  will  be  required  to  retake  the  VRE. 

d.  my  answer  sheet  will  be  unscored  or  scored  incorrectly. 

2.  the  form  number  of  this  VRE  must  match 

a.  the  form  number  on  the  answer  sheet.  c.  my  course  volume  number. 

b.  the  number  of  the  Shipping  List.  d.  iny  course  numbei . 

3.  So  that  the  electronic  scanner  can  properly  score  my  answer  sheet,  I  must  mark  my  answers  with  a 


a.  number  1  black  lead  pencil.  c.  pen  with  blue  ink. 

b.  ball  point  or  liquid-lead  pen.  d.  pen  with  black  ink. 
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Chapter  2 

16    ( ]  05)  Ifa  person  ts  orderly  and  presents  a  good  appearance,  it  will  probably 

a.  be  the  result  of  strict  parents.  c.  be  reflected  in  his  work. 

b  result  in  careless  work  habits.  d.  have  nothing  to  do  with  his  work. 

17.    ( 104)  The  part  of  the  body  most  affected  by  radar  beams  is  the 

a.  skin.  c.  nerve  system. 

b.  eyes.  .  d.  muscular  system. 
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18.    ( 1 04)  The  conect  way  to  isolate  a  circuit  with  external  power  applied  to  the  aircraft  is  to 


a.  disconnect  the  battery.  c.  pull  the  circuit  breaker  and  tag  it. 

^b.  engage  the  circuit  breaker.  <1.  place  the  switch    the  OFF  position  ^nd  lag-iu 

19.  (104)  People  who  are  referred  ta  as  "accident  prone"  are  generally  those  who 

a.  liave  a  negative  attitude.  c.  are  careless. 

b.  have  poor  work  habits.       .  d.  are  all  of  the^above. 

20.  (104)  The  man  directly  responsible  for  your  education  regarding  radioactive  material  is 

a.  you,  yourself.  c.  the  maintenance  officer. 

b.  the  shop  supervisor.  d.  the  Chief  of  Maintenance. 

21.  (104)  The  minimum  safe  distance  behin(^ajet  engine  exhaust  is 

a.  100  feet.  c.  250  feet. 

b.  150  feet.  ^       d.  200  feet. 

22.  (104)  The  propeller  of  an  aircraft  is  a  hazard  area.  Which  one  of  the  following  engines  does  rzor  have 
a  propeller? 

a.  Radial.  »  c.  Turbojet. 

b.  Turboprop.  d.  Reciprocating. 

23.  (104)  The  minimum  safe  distance  from  a  jet  engine  intake  is 

a.  25  feet.  c.  55  feet.  ^ — 

b.  35  feet.  .  d.  75  feet.  ^ 

24.  (104)  With  an  aircraft  on  jacks  for  landing  gear  problems,  there  should  be  one  man  in  the  cockpit 
and  one  qn  the  ground.  These  two  men  should  be  in  direct  communication.  What  is  the  best  position 
for  the  man  on  the  grdund?  : 

a.  Near  the  left  wing  tip.        ,^     *  c.  Where  he  can  see  all  around  the  aircraft. 

b.  Near  theVight  wing  tip.  d.  Where  he  can  see  the  man  m  the  cockpii. 

Chapte'^S 

25.  (107)  On  modern  high^perform^ce  fighters,  all  control  surfaces  are  actuated  through  the  use  of 
hydraulic  pressure.  This  makes  unnecessary  the  use  of 

a.  balance  and  servo  tabs.  c.  electrical  pumps. 

b.  air  turbine  drives.  d.  secondary*control  surfaces. 

26.  ( 106)  In  the  aircraft  designation  B^2G,  the  G  indicates 

a.  mission-design.  c.  series  of  basic  aircraft. 

♦      b.  aircraft  model.  ,  '  d.  current  use  of  basic  aircraft. 

27.  (110)  What  type  of  switch  operation  is.normaUy  used  with  a  landing-gear  position  indicator  circuit  ' 

a.  Rotary.  c.  Pressure. 

b.  Thermal.  d.  Mechanical. 
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28.    (108)  What  is  the  purpose  of  the  constant -speed  drive  (CSD)  used  in  the  O-C  power  system^ 


a .  The  CSD  insures  constant  generator  voltage; 

b.  The  CSD  insures  constant  engine  and  generator^speed. 

c.  The  CSD  changes  variable  engine  speed  to  constant  generator  speed. 

d.  The  CSD  changes  variable  generator  speed  to  constant  engine  speed. 

29.  (11 1)  Normally,  the  only  electrical  terminals  and  splices  in  an  aircraft  that  may  be  soldered  are 

a.  ignition  leads.  c.  those  in  exposed  areas. 

b.  thermocouple  leads.  d.  those  in  the  engine  area. 

30.  (112)  The  preferred  method  for  securing  elegtrical  terminals  on  a  board  is  to  use 

a.  a  good  grade  of  glue.  c.  an  anchor  nut  or  selMocking  nut. 

b.  a  castled  nut  and  cotter  pin.  .         d.  a  flat  washer  and  a  nonlocking  nut. 

31 .  (112)  Spot  ties  are  made  whenever  the  bundle  supports  are  more  th^n 

a.  6inches  apart.  .  c.  10  inches  apart. 

b.  8  inches  apart.  '    ^     d.  12  inches  apart. 

32.  (110)  The  two  most  commonly  used  safety  devices  on  aircraft  are 

a.  cotter  pins  and  safety  wire.  c.  selMocking  nuts  and  sa/'ety  wire. 

b.  cotter  pins  and  lockwashers.  d.  selMocking  nuts  and  lockwashers. 

33.  ( 1 07)  The  panose  of  servo^abs  on  airfoils  is  to 

a.  help  move  the  secondary  flight  control  surfaces. 

b.  help  move  the  primary  flight  control  surfaces. 

c.  counterbalance  pressures  on  the  primary  flight  controls. 

d.  counterbalance  pressures  on  the  secondary  flight  controls. 

34.  (11 2)  One  reason  for  electrical  bonding  is  to  provide 

a.  a  common  ground  for  all  electrical  components. 

b.  complete  isolation  of  all  electrical  components. 

c.  a  high-resistance  return  path  for  a  single*wire  electrical  system. 

d.  a  low*resistance  return  path  for  a  single-wire  electrical  system. 

35.  (110)  Rheostats  and  potentiometers  are  both  rated  with  regard  to 

•    a.  mmimum  resistance  only.  .         c.  minimum  resistance,  current,  and  power, 

b.  maximum  resistance  only.  d.  maximum  resistance,  current,  and  power. 

36.  (11 3)  The  quality  of  a  soldered  joint  depends  greatly  on  the 

a.  type  of  iron.  c.  material  being  soldered. 

b.  type  of  tip.  d.  person  doing  the  soldering! 

37.  (113)  To  find  the  proper  temperature  setting  for  a  wire-making  machine,  refer  to 

a.  TO  MA-U.  c.  TO  00-20-2. 

b.  TO  MA-S.  d.  TO  00-20-1. 
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38     (112)  Compact  wire  bundles  are  being  installed     newer  aircraft  to 

J .  hjve  weight  and  space.  V.  increase  current-carrying  capacity, 

b.  make  troubleshooting  easier.  —       d.  provide  easy  access^ta-individual  wires. 

39.  ( 108)  In  an  aij^-turbine-dnven  hydraulic  system,  the  alternate  source  of  hydraulic  pressure  is 

a.  an  engine-driven  pump.  c.  a  three»phase  AC  motor-driven  pump. 

b.  a  turbine-driven  pump.        *  d.  a  three-phase  DC  motor-driven  pump. 

o 

40.  (Ill)  When  replacing  a  copper  terminal,  usp  ^ 

a.  a  copper  replacement.   ^  c.  a  stainless  steel  replacement. 

b.  an  aluminum^eplacement  only.  d.  a  steel  or  alummum  replacement. 

41  (114)  The  conditions  that  should  exist  in  all  aircraft  electrical  wiring  installations  are  listed  in 

a.  TO  66-1.         ^  c.  TO  I-I-8. 

b.  TO  8-1-1.  d.  TO  00-20-2. 

42  (112)  The  electrically  resistant  oxide  film  that  forms  on  aluminum  surfaces  is  best  removed  with 

a.  Penetrox  A.  c.  Stoddards  solvent. 

b.  lacquer  remover.     .  d.  methyl-ethyl-ketone. 

43  (110)  The  simplest  overcurrent  protection  device  is  a 

a.  fuse.  c.  current  limiter. 

b.  switch.  d.  circuit  breaker. 

44.    ( 108)  The  unit  that  is  installed  to  protect  the  AC  system  generator  and  generator  drive  is  the 

a.  control  panel.  *  .  c.  constant-speed  drive. 

b.  voltage  regulator.  d.  governor  control  system. 

45  (112)  The  tool  that  is  recommended  for  use  when  removing  insulation  from  aluminum  wire  is  a 

a.  hacksaw.  c.  hand  crimper, 

b  jackknife.  d.  hand  stripper. 

46  (1 1 1)  All  MS  connectors  have  aluminum  shells  excepr  one, and  it  has  a 

a  steel  shell  for  fire  resistance.      ''^  c.  steel  shell  for  corrosion  protection, 

b  bronze  shell  for  fire  resistance,  d.  bronze  shell  for  corrosion  protection. 

47  ( 109)  Generally,  hydraulic  fiuids  are  classified  according  to  their 

a,  use.  ,  c.  viscosity. 

\y  base.  .  d.  temperature  range. 

48.    (112)  instructions  for  preparing  aircraft  wire  and  cable  for  installation  are  found  in 

•    a.  TO  8-1-1.  c.  TO  l-lA-14. 

b  TO  00-20-1.  d.  TO  1-1 A-8. 


1 


) 


ERIC  L 


4^>.    ( 107)  The  chord  line  ol*  an  airloll  extends  from 

.1.  wing  tip  to  wiiig  tip.  C.  the  upper  surface  to  the  lower  surlaco. 

b  wing  lip  to  fusclugc.  d.  the  leading  edge  to  the  irajltng  edge 

50.  ( 109)  What  is  the  color  of  the  tape  that  is  used  to  identify  fuel  lines  in  an  aiicratV 

a  Green.  "  c.  Brown, 

b.  Red.  d.  Yellow. 

51.  (107)  The  aerodynamic  force  that  opposes  forward  motion  of  an  aircraft  is  called 

a.  lift.  c.  thrust. 

b.  drag  d.  weight. 

52.  (114)  When  it  is  necessary  to  route  a  wire  bundle  near  a  combustible  fluid  or  an  ox>gen  line,  the 
bundle  should  be 

i.  protected  by  a  mechanical  guard. 
'  b.  enclosed  in  flexible  nonmetallic  conduit. 

c.  attached  to  the  plumbing  line  for  support. 

d.  supported  independently  of  any  plumbing  line. 

53     ( 107)  The  flight  control  surface  that  primarily  controls  movement  of  an  aircraft  around  its  lateral 
axis  IS  the 

a.  rudder.  c.  elevator, 

b  aileron.  d.  spoiler. 

54.  ( 106)  Which  wing  design  employs  "elevons'"^ 

a.  Rotor>  wing.  c.  Delta  wmg. 

b.  Swept -wing.  d.  Conventional  wing. 

55.  (107)  The  secondary  flight  control  surfaces  that  offset  a  heavy  nose  or  heavy  tail  condition  of  an 
aircraft  are  the 

a.  aileron  trim  tabs.  c.  aileron  servo  tabs. 

b.  elevator  trim  tabs.  d.  elevator  servo  tabs. 

56.  ( 110)  What  type  of  circuit  protection  device  is  designed  to  carry  an  overload  for  a  short  period  of 
time? 

a.  A  heavy-duty  fuse.  c.  A  current  limiter. 

\)  A  slow  blow  fuse.  d.  A^Mrcuit  breaker? 

57     ( 107)  Movement  of  an  aircraft  around  jts  longitudinal  axis  is  called 

*> 

a.  roll.  *  c.  slip. 

b.  yaw.  d.  pitch. 

58.    (II 2)  Aluminum  wire  is  sometimes  used  in  aircraft  electrical  systems  because  it 

a.  has  less  resistance  than  copper  wire.  c.  is  softer  and  more  flexible  than  copper  wire. 

b.  has  an  ever*present  oxide  film  on  its  surface.     d.  weighs  less  than  copper  wire  of  the  same  size 
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59.  (108)  The  aircraft  main  landing  gear  system  discussed  in  the  text  is 

a.  electrically  controlled,  hydraulically  operated,  and  mechanically  locked. 

b.  hydraulically  controlled,  electrically  operated,  and  mechanically  locked. 

c.  mechanically  controlled,  hydraulically  operated,  and  electrically  locked. 

d.  electrically  controlled,  mechanically  operated,  and  hydraulically  locked. 

60.  (107)  The  aerodynamic  force  which  results  from  gravity  is  often  referred  to  as 

a.  lift.  *  c.  drag. 

b.  weight.  ^  '      d.  thrust. 

Chapter  4 

61.  (116)  When  using  an  ohir^meter,  you  should- select  the  multiplication  factor  (range)  that  will  result 
in  the  pointer  coming  to  rest  near  the 

a.  midpoint  of  the  scale.  c.  highest  point  on  the  scale. 

b.  lowest  point  on  the  scale.  d.  infinity  reading  on  the  scale. 

62.  (1 17)  The  typical  multimeter  is  a  combination  voltmeter, 

a.  ammeter,  and  megger.  c.  wattmeter,  and  potentiometer. 

b.  frequency  meter,  and  dosimeter.  d.  ohmmeter,and  milliammeter.  • 

63.  (119)  Two  types  of  tube  testers  are  commonly  used  in  the  Air  Force.  They  are  called  ^ 

a.  emission  and  conductance.  c.  emission  and  transconductance. 

b.  transconductanceUd  emitter.  d.  transconductance  and  conductance. 

64.  (II 5)  Damping  is  accomplished  in  the  electrodynamometer  type  meter  by 

a.  alummum  vanes.  c.  aluminum  bobbins. 

b.  hairsprings.  ^-  hermetically  sealed  cases. 

65.  (1 19)  In  order  for  a  galvanometer  to  read  current  flow  when  connected  across  the  two  legs  of  a 
bridge  circuit,  the  circuit  must  be  .  • 

a.  inverted.  *      c.  unbalanced. 

b.  balanced.  d.  open-circuited. 

66.  (118)The  sweep  frequency  controls  of  an  oscilloscope  may  be  used  to  match  the  sweep  frequency 
to  the  ^ 

a.  saw-tooth  generator.  c.  amplitude  of  the  input  signal. 

b.  input  signal  frequency^  d.  graduated  scale  on  the  screen. 

67.  ( 1 17)  A  watt'Varmeter  used  on  AC  powered  aircraft  indicates 

a.  apparent  load.  c.  reactive  load  only. 

b.  real  load  only.  d.  reactive  and  real  load. 

68.  (1 17)  Which  frequency  meter  uses  a  dial  and  pointer  to  provide  a  visual  indication  of  frequency 
being  measured? 

a.  Dynamometer  type.  c.  Frequency  counter. 

b.  Vibrating  rct?d  type.  d.  Oscilloscope. 
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69.  (118)  Movement  of  the  dot  from  left  to  right  or  up  and  down  on  an  oscilloscope  is  controlled  by  the 

a.  sweep  frequency  knob.  c.  horizontal  centering  knob  alone. 

b.  vertical  centering  knob  alone.  d,  horizontal  and  vertical  centering  knobs. 

70.  (1 17)  Which  of  the  foUowing  types  of  meters  cannot  measure  frequency  ^ 

V 

a.  Counter.  c.  Multimeter. 

b.  Dynamometer.  d.  Vibrating  reed. 

71.  (119)  When  rotating  the  SHORT  Tl/BE  TEST  switch,  momentary  flashes  of  the  neon  SHORTS 
lamp  indicate 

a.  a  shorted  filament.  c.  an  open  tube  element. 

b.  normal  operation.  d.  a  shorted  tube  element. 

72.  (118)  Sharp  and  clear  dots  or  lines  on  the  screen  of  the  oscilloscope  are  normally  (Obtained  by 
adjusting  the 

a.  intensity  and  focus  knobs.  c.  focus  and  sweep  knobs. 

b.  intensity  and  sweep  knobs.  d.  horizontal  centering  knob. 

73.  (11 5)  When  an  unknown  voltage  is  to  be  measured  by  a  voltmeter,  what  range  should  be  first 
selected  for  use? 

a.  Mid-meter  range.  c.  The  highest  meter  range. 

b.  Ohmmeter-set  range.  d.  The  lowest  meter  range. 

74.  (11 7)  What  type  of  meter  movement  is  used  in  most  wattmeters? 

a.  Hotwire.  c.  Fixed  magnet. 

b.  D^Arsonval.  d.  Electrodynamometer. 

75.  (1 19)  The  Wheatstone  bridge  is  a  network  circuit  generally  used  to  measure 

a.  current.  c.  capacitance.  ^ 

b.  voltage.  d.  resistance. 

76.  (11 5)  Which,  if  any ,  of  the  following  type  meters  requires  a  rectifier  m  order  for  it  to  successfuil> 
operate  on  alternating  current? 

a.  D^Arsonval  movement.  c.  Electrodynamometer. 

b,  Movuig-iron  vane  type.  d.  None  of  the  above, 

^  '  Chapter  5 

77.  (120)  A  positive  ion  has 

a.  a  deficiency  of  electrons.  c.  an  excess  of  neutrons. 

b.  an  excess  of  electrons.  d.  a  deficiency  of  protons. 

78.  (122)  The  frequency  of  the  current  produced  by  a  four-pole  alternator  rotating  at  2400  rpm  is 

a.  60cps.  c.  160 cps. 

b.  80  cps.  d.  380  cps.  •  ' 
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79.  (1 22)  The  value  of  a  DC  voltage  which  will  produce  the  same  heatjng  effect  as  a  certain  AC  voltage 
is  known  as  the  latter's 

a.  peak  value.  c.  effective  value. 

b.  instantaneous  value.  d.  average  value. 

80.  (123)  When  vectors  are  180^  out  of  phase,  the  resultant  is  found  by 

a.  dividing  the  larger  by  the  smaller.  c.  'subtracting  the  smaller  from  the  larger. 

b.  dividing  the  smaller  by  the  larger.  d.  multiplying  the  larger  by  the  smaller. 

81     (123)  At  which  of  the  following  angles  is  the  sine  at  its  maximum  value  of  1? 

a.  0^  ;     c.  180". 

b.  90^  *      d.  360'. 

82.  ( 1 20)  A  significant  fact  about  the  continuous  cable  in  the  fire  warning  system  is  that  as  temperature 

a.  decreases, ^^esistance  between  the  conductors  decreases. 

b.  decreases,  the  current  between  the  conductors  increases. 

c.  increases,  the  current  between  the  conductors  decreases. 

d.  '  increases,  resistance  between  the  conductors  decreases. 

83.  (122)  Moving  a  conductor  within  a  magnetic  field  so  that  lines  of  force  are  cut  will 

a.  produce  a  current  in  the  conductor,  c.  not  affect  the  conductor's  electrical  state. 

b.  change  the  resistance  of  the  conductor.  d.  increase  the  strength  of  the  magnetic  field. 

84.  ( 1 23)  If  the  two  legs  of  a  right  triangle  are  9  inches  and  1 2  inches  long,  respectively ,  what  is  the  length 
of  the  hypotenuse? 

a.  15  inches.  c.  19  inches. 

b.  if  inches.  d.  21  inches. 

85.  (122)  If  a  voltage  has  a  peak  value  of  150  volts,  what  is  its  average  value? 

a  75  volts.  *      c.  106  volts, 

b.  95.^5  volts.  d.  212  volts. 

86.  ( 1 20)  Pressure  is  usually  measured  in  , 

a.  ounces  per  unit  volume.  c.  pounds  per  unit  volume. 

b.  feet  per  cubic  unit.  d.  pounds  per  unit  area. 

87.  ( 1 20)  What  is  the  approximate  theoretical  mechanical  advantage  of  a  screw  jack  with  a  30-inch 
handle  if  the  pitch  of  the  threads  is  ^  inch? 

a.  30.  c.  190. 

b.  60.  d.  375. 

88.  (120)  A  proton  has  what  type  of  electrical  charge? 

*  ■■ 

a.  A  negative  charge.  \     c.  A  neutral  charge. 

b.  A  positive  charge.  d.  It  may  have  either  a  positive  or  negative  charge. 
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89.  ( 121)  A  difference  in  electrical  potential  between  two  points  i^  referred  to  as 

a.  conductance.  c.  current. 

b.  resistance.  d.  voltage. 

Chapter  6 

90.  (124)  According  to  Olun's  law, 

a.  current  is  inversely  proportional  to  voltage.      c.  voltage  is  inversely  proportional  to  resistance. 
^   ,b.  current  is  directly  proportional  to  voltage.       d.  resistance  is  directly  proportional  to  current. 

91.  (125)  Thirty  volts  is  applied  to  a  circuit  consisting  of  a  5-ohm,  a  10-ohm,  and  a  15-ohni  resistor 
connected  in  parallel.  Which  of  the  following  is  a  correct  statement? 

a .  The  current  through  the  5-ohm  resistor  is  greater  than  the  current  through  the  1 0-ohm  resistor. 

b.  The  voltage  drop  across  the  15-ohni  resistor  is  greater  than  the  voltage  drop  across  the  1 0-ohm 
resistor. 

c .  The  total  resistance  of  the  circuit  is  greater  than  5  ohms. 

d.  The  voltage  drop  across  the  15-ohni  resistor  is  less  than  the  voltage  drop  across  the  lO-ohm 
resistor. 


92  ( 1 27)  A  power  factor  of  100  percent  in  an  electrical  circuit  indicates  that  the  circuit  is  probably 

a.  resistive  in  character.  c.  inductive  in  character. 

b.  capacitive  in  character.  dj  reactive  in  character. 

93  ( 125)  A  circuit  has  a  5-ohni,  a  lO-ohm  and  a  15-ohm  resistor  connected  m  series.  With  an  indication 
of  2  amperes  flowing  through  the  5-ohm  resistor,  there  must  be 

/  a.  an  applied  voltage  of  30  volts.  '        ,c.  a  15*volt  drop  across  the  15 -ohm  resistor, 

"b  an  applied  voltage  of  60  volts.  d.  a  20-volt  drop  across  the  5-ohm  resistor. 

94.  ( 129)  In  the  analysis  of  parallel  LR  circuits,  the  reference  vector  is  usually  the 

a.  total  current.  c.  current  through  the  resistance, 

b  applied  voltage.  d.  voltage  of  the  capacitor. 

95.  M  24)  A  general  application  of  Kirchhoffs  current  law  i^  that 

a.  electrical  charge  is  not  conserved. 

b  current  is  inversely  proportional  to  voltage. 

c.  current  is  instanteous  at  all  points  in  a  closed  single  loop. 

d.  current  varies  somewhat  at  different  points  in  a  closed  single  loop. 

96.  ( 1 28)  Inductance  in  an  electrical  circuit 

a.  resists  change.  c.  creates  magnetism. 

b.  lowers  resistance.  d.  augments  current. 

97.  ( 126)  The  capacitor  changing  current  in  an  RC  direct-current  circuit  is  governed  by 

a.  capacitor  size.  c  Avoltage  drop. 

b.  circuit  resistance.  d7l)attery  resistance. 
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98.  (127)  The  toul  current  in  a  parallel  RC  circuit  that  has  0.4  ampere  flowing  through  the  capacitance 
and  0.3  ampere  flowirig  hroygh  the  resistance  is  approximately 


a.  0.3  ampere. 

b.  0.4  ampere. 


c.  0.5  ampere. 

d.  0.7  ampere. 


99.  (124)  When  applying  Kirchhoff  s  voltage  law,  the  direction  of  current  flow 


a.  is  not  a  factor  for  conSderation. 

b.  is  assumed  to  be  from  positive  to  negative. 


c.  IS  assumed  to  be  from  negative  to  positive. 

d.  may  be  assumed  to  be  in  either  direction. 


Chapter  7 

ICQ.  (132)  The  electrical  potential  barrier  of  a  transistor  can  be  increased  by 


a.  the  doping  process. 

b.  increasing  reverse  bias. 

101 .  (134)  Gating  circuits  function  primarily  as 

a.  heaters. 

b.  switches. 


c.  decreasing  forward  bias. 

d.  increasing  the  potential. 


c.  rectifiers. 

d.  amplifiers. 


102.  (132)  In  a  PN  junction  rectifier,  the  cathode  is  nomially  the 

a.  P  region  and  the  N  region  is  the  anode,    •       c .  N  region  and  the  P  region  is  the  anode. 


b.  P  region  and  the  junction  is  the  anode. 


d.  junction  and  the  N  region  is  the  anode. 


103.  (132)  N  type  materials  used  in  semiconductors  have  an  excess  of 


a.  ions. 

b.  holes. 


c".  protons, 
d.  electrons. 


104.  (132)  A  rectifier  power  supply  using  four  PN  junction  diodes  is  a 

^  c.  semiwave  conventional. 

d.  half-wave  conventional. 


a.  full^wave  bridge. 

b.  half'Wave  bridge. 


105.  (130)  A  magnetic  amplifier 

a.  augments  voltage. 

b.  amplifies  current. 

106.  (134)  NOR  gating  circuits  are  best  operated  as 

a.  common  base.  j 

b.  common  emitters. 


c.  increases  magnetism. 

d.  Controls  power. 


c.  common  collector. 

d.  none  of  the  above. 


107.  (130)  The  term  used  in  magnetic  circuits  which  corresponds  to  the  term  "voltage"  m  electrical 
circuits  is 


a.  flux. 

b.  reluctance. 


c.  magnetomotive  force. 

d.  magnhk  lines  of  force. 
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1 08.  (1 32)  A  diode  that  is  specifically  designed  to  operate  with  reverse  bias  is  the 

a.  gas  diode.  c.  tunnel  diode. 

br  SCR  diode.  d.  Zener  diode.  ^ 

109.  (131)  Most  tnnsformcrs  use  iron-core  material  because  it  y 

a.  offers  a  path  of  low  reluctance,  c.  reduces  the  effect  of  eddy  currents. 

b.  offers  a  paih^of  high  relthrtwwr  .  d.  increases  the  effect  of  eddy  currents. 

Chapter  8 

110.  (137)  In  the  cathodc-ray  tube,  the  positioning  of  the  electron  beam  is  controlled  by  adjusting  the 

a.  voltage  applied  to  the  first  grid. 

b.  voltage  applied  to  the  deflecting  plates. 

c.  voltage  applied  to  the  firsthand  second  anodes.        -  ^ 

d.  velocity  at  which  the  electrons  pass  through  the  tube. 

1 1 1 1 35)  In  a  triode,  primary  plate  current  flow  is  detemiined  by  varying  the  signal  to  the 

a.  plate.  c.  control  grid. 

b.  cathode.  screen  grid. 

j  1 2.  ( 1 37)  If  the  polarity  of  the  top  vertical  deflection  plate  is  made  positive  and  the  bottom  vertical  . 
deflection  plate  is  made  negative,  the  beam  and  spot  will 

a.  move  up.  c.  not  move. 

b.  move  down.  '  ^ve  diagonally. 

113.  (140)  Undesired  grid  current  is  avoided  in  an  electron  tube  by  placing  a 

^       a.  negative  bias  on  the  grid.  c.  positive  bias  on  the  plate. 

b.  positive  bias  on  th.c  grid.  d.  negative  potential  on  the  plate. 

114.  (135)  The  process  by  whict^^a  heated  emitter  gives  off  electrons  is  called 

a.  the  Hertz  effect.  '  -  c.  thermionic  emission. 

b.  the  Edison  effect.  <i.  photoelectric  emission. 

115.  Which  element  of  a  cathode-ray  tube  is  responsible  for  bending  the  electron  stream? 

•     a  The  grid.  csThe  second  anode. 

b.  The  first  anode.  '  '  /         ^         d.  The  deflection  places. 

1 16.  *(  136)  Grid  control  is  reestablished  in  a  thyratron  tube  by  ^  ^ 

a  reducing  grid  voltage.  c.  raising  plate  potential. 

b.  increasing  grid  vohage.  reducing  the  plate  potential.  . 

117.  (135)  In  a  pejitode  tube,  the  effects  of  secondary  chiistion  are  eliminated  by       .  ^ 

a  the  use  of  a  suppressor  grid.  ^  c.  reducing^the  electron  flow  to  the  1)late. 

b.  the.use  of  a  screen  grid.  ^  d.  reducing  the  amplification  fahor  of  tlje  tube. 
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118.  (13S)  In  an  electron.tube,  electrons  normally  flow  from  the 

a.  plate  to  the  grid.  c.  cathode  to  the  plate. 

^  b.  grid  to  the  cathode.  d.  plate  to  the  cathode. 

119.  (140)  Feedback  is  useful  in  \  ' 

a.  raising  the  output  of  the  ampUner.  c.  stabilizing  the  output  of  the  amplifler. 

b.  *  lowering  the  output  of  |he  amplifier.  d.  none  of  the  above  instances. 

120.  (140)  The  grid  in  r  triode  tube  has  greater  effect  on  the  emitted  electrons  than  the  plate  does 
because  the 

a.  grid  is  hotter  than  the  plate.  c.  platejs  larger  and  thicker.  *^ 

b.  plate  is  hotter  than  the  grid.  d.  grid  is  closer  to  the  cathode. 

J21 .  (138)  To  provide  good  regulation  under  varying  load  conditions,  a  power  supply  should  contain  a 

a.  full-wave  rectifier  and  a  choke-input  filter. 

b.  half-Nvave  rectifier  and  a  choke-input  filter. 

c.  full-wave  rectifier  and  a  capacitance-input  filter. 

d.  half-wave  rectiffer  and'a  capacitance-input  filter. 

122.  (138)  Half-wave  rectifiers  are  generally  used  when  the  power  require me^^ts  are  for 

a.  low  voltage  and  low  current.  c.  high  current  and  high  voltage. 

b.  high  current  and  low  voltage.  d.  high  voltage  and  low  current. 

123.  (140)  The  signal  voltage  applied  to  the  grid  or  any  tube  should  beof  litnited  vali^.  If  this  value  is 
exceeded,  the  result  is  ^ 

a.  a  burned  out  t<!ibe.  ^  c.  distortion  in  the  output  signal. 

b.  excessive  plate  to  grid  current.  d.  all  of  the  above. 

124.  (137)  If  an  AC  signal  is  applied  to  the  vertical  deflection  plates  of  an  oscillescope,  without^  the 
application  of  sweep,  the  spot  will  appear  « 

a.  as  a  horizontal  line.  c.  as  a  vertical  line. 

b.  to  decrease  in  intensity.  d.  to  make  jirking  movements. 
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Preface 

Now  YOU  are  ready  for  Volume  2  which  will  discuss  the  aircraft  power  sys- 
tems. These  systems  are  the  nerve  center  of  the  aircraft,  because  they  serve  ^ 
as  the  source  of  energy  or  control  for  almost  every  system  on  any  aircraft.  You, 
the  electrical  repairman,  have  the  responsibility  for  these  power  systems. 

In  Chapter  1  we  will  discuss  the  lead-acid  and  alkaline  batteries,  methods  of 
servicing,  ind  the  equipment  used  for  servicing.  The  importance  of  batteries 
should  not  be  underestimated,  because  they  are  very  important  as  emergency 
power  systems.  Their  maintenance  is  very  critical  and  a  well  operated  battery 
shop  has  more  the  appearance  of  a  laboratory  than  a  shop. 

In  order  to  maintain  the  very  essential  ac  and  dc  power  systems,  an  electrical 
repairman  has  to^use  many  different  types  of  test  equipment.  In  Chapter  2  you 
wiU  learn  the  T31.  T35,  T170  testers;  the  MC-2  Basic  Field  Test  Stand;  the  A-1 
Load  Bank;  and  the  L-IA  Inverter  Test  Stand.  These  are  not  by  any  means  the  ^ 
only  type  test  equipment  you  will  be  concerned  with,  but  they  are  the  most  common  * 
and  usually  can  be  found  in  most  shops.  Most  of  the  other  testers  are  designed  for 
one  weapon  system  only  and  will  be  taught  with  that  weapon.  Your  knowledge 
and  use  of  these  testers  will  play  a  large  part  in  how  effectively  you  troubleshoot. 

Chapter  3  is  devoted  to  the  operation,  maintenance,  testing,  aijd  troubleshooting 
of  the  dc  generator  system  and  components.  The  knowledge  gained  from  this 
chapter  will  be  a  great  asset  to  you  in  your  daily  work  as  an  electrical  repauman. 

In  modem  aircraft,  the  use  of  the  transformer-rectifier  (T-R  unit),  in  addition  to 
or  in  lieu  of  the  dc  generator,  is  becoming  more  ^nd  more  common.  In  Chapter  4 
we  will  discuss  the  various  types  of  T-R  units  you  will  encounter.  You  will  be 
given  a  description  of  a  typical  T-R  power  system. 

On  most  all  aircraft  the  ac  generator  system  is  important,  and  on  many  aircraft 
it  is  the  original  source  of  all  electrical*  energy  with  the  exception  of  the  b^tery.' 
Chapter  5  will  discuss  the  operation,  maintenance,  testing,  analysis,  and  trouble- 
shooting of  the  ac  generator  systems.  >> 

The  last  chapter  of  this  volume  will  deal  with  motors  (both  ac  and  dc)  and 
inverters  (both  rotary  and  static).  Because  motors  and  inverters  are  covered  last 
in  this  volume  does  not  mean  that  they  are  of  lesser  importance.  There  are  many 
motors  on  all  aircraft  and  most  all  aircraft  have  some  type  of  inverter.  . 

Printed  and  bound  in  the  back  of  this  volume  are  three  foldouts.  Whenev&r  you 
are  referred  to  one  of  these  foldouts  in  the  text,  please  turn  to  the  back  of  the 
volume  and  locate  it. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this 
text,  or  recommendations  for  its  improvement,  send  them  to  TECH  TNG  CEN 
(TSOC)  CHANUTE  AFB  ILL  61868. 

~   If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of 
ECrs  instructional  aids  (Your  Key  to  Career  Development,  Study  Reference 

Hi 
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Guides,  Chapter  Review  Exercises,  Volume  Review  Exercise,  and  Course  Examina- 
tion), consult  your  education  officer,  training  officer,  or  NCO,  as  appropriate. 
If  he  can't  answer  your  questions,  send^them  to  ECI,  Gunter  AFB,  Alabama  361 14, 
preferably  on  ECI  Form  11,  Student  Request- for  Assistance. 

^Material  in  this  volume  .is  tccI|micaHy  accurate,  adequate,  and  current  as  of 
April  1973.      ,  *  ^ 

Code  numbers  appearing  in  the  lower  right-hand  comer  on  figures  are  for  pre- 
paring agency  identification  only. 
This  volume  is  valued  at  39  hour^  (13  pomts). 
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Aircraft  Batteries  and  Servicing  Equipment 


IF  A  DIRECT  current  is  passed  through  a  lead 
acid  storage  cell  in  a  direction  opposite  to  that 
which  it  takes  when  the  cell  is  discharging,  which 
of  the  following  will  happen? 
a.  Cell  vail  be  discharged. 
b>  Sulphuric  acid  will  become  less  concen- 
trated. 

c.  Cell's  electrical  energy  will  be  decreased. 

d.  Specific  gravity  of  the  cell  will  be  in- 
creased. , 

2.  Aboilt  70  percent  of  the  basic  electrical 
course  graduates ^dect  the  wrong  answer  when 
asked  the  above  question.  What  answer  do  you 
consider  correct?  If  you  have  not  chosen  "d" 
you  have  just  increased  the  percentage  of  school 
graduates  who  do  not  understand  what  happens 
to  the  'electrolyte  during  the  charging  and  dis- 
charging of  a  lead-acid  battery. 

3.  In  tech  school  you  learned  the  theory  of 
battery  operation,  servicing,  charging,  repairing, 
and  testing.  We  will  accept  this  theory,  expand 
upon  it  and  in  this  chapter,  present  the  knowl- 
edge you  need  to  actually  perform  these  jobs. 
The  types  of  batteries  we  will  discuss  here  are 
the  lead-acid,  nickel-cadmium  and  silver-zinc 
batteries. 

1r  Leod-Acid  Butteries 

1-1.  The  lead-acid  battery  gets  its  name  from 
its  construction.  It  has  cells  that  contain  lead 
plates.  The  plates  are  immersed  in  an  electrolyte 
solution  which  contains  sulphuric  acid. 

N2.  The  open-circuit  voltage  of  a  lead-acid 
cell — its  voltage  when  there  is  no  load  on  it — is 
approximately  2.2  volts.  This  voltage  is  the  same 
for  every  lead-acid  cell,  regardless  of  its  plate 
size.  H^remains  at  this  value  until  the  cell  is 
practically  dead,  regardless  of  its  slate  of  dis- 
charge. However,  the  area  of  the  plates  deter- 
mines the  length  of  time  that  the  cell  will  deliver 
its  rated  current. 

1-3.  During  charge,  electrical  energy  is  con- 
verted to  chemical  energy,,  whieh  is  stored  in  the 


cell.  During  discharge  the  chemical  energy  is 
reconverted ^to  electrical  energy.  The  net  result^ 
is  the  same  as  if  electricity  were  actually  stored  in ' 
the  cell.  In  the  'charging  process,  current  is 
forced  into  the  cell  in  a  direction  opposite  to  that 
in.  which  it  flows  when  the  cell  is  discharging  to  a 
circuit. 

1-4.  The  purpose  of  the  aircraft  storage  bat- 
tery is  to  provide  an  emergency  source  of  electri- 
cal power.  The  service  life  of  a  battery  depends 
a  great  dfeal  upon  the  frequency  and  quality  of 
care' it  is  given.  Batteries  that  .are  abused  or. 
receive  careless  treatment  and  servicing,'  gener- 
ally have  their  service  life  ended  prematurely.  It 
is  your  responsibility  to  know  the  correct  mainte- 
nance procedures  and  to  provide Jhe  service  and 
care  necessary  to  maintain  a  serviceable  battery. 
Safety  first  always^  is  the  first  lesson  to  learn 
when  .working  with  batteries. 

1-5.  Safety*  Forget  safety  just  once  in  the  bat- 
tery shop  and  you  can  seriously  hurt  yourself  or 
your  teammate  as  there  are  many  safely  hazards 
of  \yhich  you  should  be  aware.  The  greatest' is 
the  sulphuric  acid  used  in  the  electrolyte. 

1-6.  Sulphuric  acid.  Sulphuric  acid  can  cause 
painful  bums  if  it  contacts  your  hands  or  other 
parts  of  your  body.  Get  it  in  your  eyes  and  it 
can  blind  you.  Whenever"  you^are  handling  or 
mixing  electrolyte,  be  very  careful;  wear  goggles 
or  a  face  shield,  a  rubber  apron,  rubber  acid- 
proof  gloves,  and  rubber  boots.  If  you  should 
accidentally  spill  or  splash  some  electrolyte  on 
you,  you  can  neutralize  it  by  flushing  with  large 
quantities  of  fresh  wate^  or  a  solution  of  bicar- 
bonate of  soda  (baking  soda)  in  water.  You 
should  always  have  a  quantity  of  this  solution 
mixed  and  available  when  you  are  servicing  lead- 
acid  batteries.  OBTAIN  MEDICAL  ATTEN- 
TION AT  ONCE. 

1-7.  A  fresh  water  supply  can  be  provided  in 
hiany  forms.  It  can  be  just  a  hose  connected  to 
a  water  lap  or,  in  a  large  battery  sTvbp,  a  deluge 
shower  and  eye  wash.  If  you  ever  have  to  use 
the  deluge  shower,  remember  speed  is  what 
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Cartoon  1.  Al  m  the  shower. 

counts;  don*t  waste  time  taking  off  your  clothes. 
The  faster  you  get  und^r  the  shower  and  wash 
away  and  neutralize  the  electrolyte,  the  less  you 
may  be  burned.  If  you  have  a  deluge  shower 
and  eye  wash  located  in  your  shop,  do  you  know 
l^ow  they  work?  Better  yet,  do  they  work?  Can 
you  get'  to  the  deluge  ^shower  and  eye  wash  with- 
out tripping  over  batteries  or  servicing  equip- 
ment? Can  you  get  to  them  with  your  eyes 
-closed?  If  you  answer  "no"  to  any  of  these 
questions,  a  safety  hazard  exists  and  needs  your 
attention. 

1-8.  Hydrogen  gas.  Hydrogen  gas  is  another 
hazard  to  safety  in  the  lead-acid  battery  shop. 
It  is  produced  by  the  charging  batteries,  and  is  a 
colorless,  odorless,  highly  flammable  gas.  You'll 
never  know  it's  there  until  it's  too  late.  Take 
every  precaution  ip  eliminate^sparks  in  this  area. 
It  only  takes  one  spark  to  ignite  hydrogen  gas 
and  put  you  out  of  ii%)b.  Here  are  a  few  pre- 
cautions: 

a.  Turn  off  the  charging  units  before  connect- 
ing or  disconnecting  a  battery  to  a  charger. 

b.  Don't  smoke.  If  someone  enters  the  shop 
with  a  lit  cigarette,  tell  him  to  put  it  out  and  then 
tell  him  why. 

.  c.  Remove  all  jewehy  while  working.  Get  a 
ring  or  a  watch  band  shorted  across  a  battery 
and  the  sparks  will  fly. 

The  battery  shop  has  many  safety  hazards.  It  is 
up  to  you  to  recognize  them  and  to  take  positive 
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preventive  action  so  that  foolish  accidents  don't 
hinder  your  operation. 

1-9.  Shop  Operation.  In  the  following  para- 
graphs, we  will  consider  general  information  and 
common  jobs  of  the  iattery  shop  techmcian.  We 
will  not  go  into  the  location  and  facilities  because 
lead-acid  battery  shops  range  from  plush,  zur 
conditioned  '  buildings  to  two-by-four  shacks  in 
back  ^  of  hangars.  They  are  equipped  to  handle 
from  one  to  hundreds  of  batteries  at  a  time.  But, 
regardless  of  shop  location  or  the  number  of  bat- 
teries that  can  be  serviced,  the  servicing  proce- 
dures remain  the  same.  Detailed  information  for 
servicing  lead-acid  batteries  and  detailed  shop 
procedures  is  found  in  the  applicable  Tp's. ,  In  ,^ 
the  following  paragraphs,  we  wfll  discuss^only  the 
general  information  that  pertams  to  all  batteries. 

1-10.  Battery  ratings*  The  voltage  of  a  bat- 
tery is  determined  by  the  number  of  cells  that  it 
has  connected  in  series.  Although  the  open-cir- 
cuit voltage  of  a  lead-add  cell  is  approximately 
2.2  volts,  the  cell  is  normally  rated  at  only  2 
volts  because  it  drops  to  that  value  under  load. 
A  battery  rated  at  12  volts  consists  of  6  lead-acid 
cells^  connected,  in  series,  apd  a  battery  rated  at 
_24  volts  has  12  cells^ 

1-11.  Storage  battery  capacity  (size)  is  ex- 
pressed in  terms  of  ampere-hours.  This  rating  ^ 
indicates  how  long  the  battery  niay  be  used  at  .a 
given  rate  before  it  becomes  discharged.  Theoret- 
ically, a  100  ampere-hour  battery  furnishes  100 
amperes  for  1  hour,  50  amperes  for  2  hours,  or 
20  amperes  for  5  hours.  Actually,  the  ampere- 
hour  output  of  a  particular  battery  depends  upon 
the  rate  at  which  it  is  discharged.  Heavy  dis- 
charge currents  tend  to  heat  the  battery  and  de- 
crease its  ampere-hour  output.  For  aircraft  bat- 
teries, a  period  of  5  hours  has  been  established  as 
the  discharge  time  in  rating  battery  capacity. 
However,  this  period  of  5  hours  is  only  a  basis 
for  rating  and  does  not  necessarily  mean  the 
length  of  time  during  which  the  b^ittery  is  ex- 
pected to  furnish  current.  The  efficiency  and  the 
ampere-hour  output  are  greatly  reduced  when 
the  battery  is  discharged  at  a  high  rate.  Under 
actual  service  conditions  the  battery  can  bc^  com- 
pletely discharged  within  a  few  minutes,  or  it 
may  never  be  discharged  if  the  generator  pro- 
vides sufficient  ^charge. 

1-12.  The  ampere-hour  capacity  of  a  cell  de- 
pends upon  its  total  effective  plate  area.  Thus, 
connecting  a  number  of  positive  and  negative 
plates  within  a  cell  increases  the  total  effective 
plate  area  and  the  capacity  of  the  cell.  Connect- 
ing cells  in  parallel  inaeases  the  total  ampere- 
hour  capacity.  In  aircraft  using  more  than  one 
battery,  the  batteries  are  usually  connected  in 
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parallel.  The  total  voltage  is  equal*  to  that  of  one 
battery,  but  the  ampere-hour  capacity  is  increased; 
total  capacity  is  the  sum  of  the  ampere-hour  rat- 
ings of  the  individual  batteries. 

1-13.  Electrolyte.  The  electrolyte  used  in  lead- 
acid  batteries  is  a  mixture  of  sulphuric  acid  and 
watcf.  The  specific  gravity  of  such  a  mixture 
ranges  from  1.275  to  1.300.  The  specific  gravity 
of  a  liquid  is  its  comparative  weight  with  re- 
spect to  an  equal  volume  of  water.  Water  has  a 
specific  gravity  of  1,000;  therefore,  an  electro- 
lyte mixture  of  1 .275  is  1 .275  times  as  heavy  as 
water. 

1-14.  Electrolyte  for  lead-acid  storage  batter- 
ies, issued  by  the  Air  ^rce,  is  a  1,400  specific' 
gravity  solution  of  sulphuric  acid  and  water. 
Concentrated  commercial  grade  sulphuric  acid 
has  a  specific  gravity  of  1.835.  Either  the  1.400 
or  1.835  specific  gravity  sulphuric  acid  must  be 
mixed  with  distilled  or  drinking  water  to  lower  it 
to  the  proper  specific  gravity  for  filling  batteries, 
1.275  to  L300. 

1-15.  If  you  ever  have  to  mix  electrolyte,  be 
very  careful  and  remember  to  wear  the  protec- 
^  tivc  clothing  provided.  When  you  mix  the  acid 
with  the  water^  heat  is  generated  chemically.  Did 
you  ever  see  someone  pour  water  into  a  hot 
frying  pan?  What  was  the  result?  If  you  pour 
water  into  the  sulphuric  acid  it  would  splatter  the 
same  way.  This  is  why  you  must  always  pour  the 
sulphuric  acidMiito  the  water,  and  do  so  very- 
slowly.  The  mixing  container  for  the  electrolyte 
should  be  glass,  earthenware,  lead-lined  wood,  or 
a  similar  container  that  is  resistant  to  the  action 
of  the  sulphuric  acid.  It  must  also  withstand  the 
heat  generated  during  the  mixing  period. 

1-16.  State  of  charge.  The  state  of  charge  of  a 
lead-acid  battery  is  determined  by  measuring  the 
specific  gravity  of  the  electrolyte  with  a  hydrom- 
eter. Remember,  the  electrolyte  is  a  mixture  of 
water  and  sulphuric  acid  with  a  specific  gravity 
of  1.275  to  1.300.  As  the  battery  discharges, 
the  sulphuric  acid  is  absorbed  from  the  electro- 
lyte. Now  look  back  at  the  introductory  test 
question  as  seen  in  the  correct  answer  **d",  when 
the  battery  is  being  charged,  the  charging  current 
forces  the  sulphuric  acid  out  of  the  plates  and 
the  specific  gravity  of  the  electrolyte  increases. 
In  reality,  the  hydrometer  measures  the  amount 
of  sulphuric  acid  in  the  electrolyte,  and  indicates 
the  amount  as  a  specific  gravity  reading.  From 
this  reading  you  can  determine  the  state  of 
charge. 

1-17.  The  type  of  hydrometer  that  you  will 
probably  be  using  is  the  temperature-correcting 
hydrometer  shown  in  figure  1.  The  depth  to 
which  the  hydrometer  bulb  sinks  into  the  electro- 
lyte sample  is  determined  by  the  density  of  the 


electrolyte.  The  scale  value  indicated  at  the  level 
of  the  electrolyte  on  the  hydrometer  is  the  spe- 
cific gravity.  When  a  hydrometer  is  in  use,  the 
float  should, fioat  upright  in  the  enclosed  tube. 
If  the  fioat  leans  against  the  sides  of  the  tube,  an 
inaccurate  reading  will  result.  Extract  only 
enough  electrolyte  from  the  cell  to  cause  the  float 
to  rise.  If  too  much  electrolyte  is  removed, 
the  fioat  will  hit  the  top  and  a  lower  than 
actual  specific  gravity  feading  will  be  indicated. 
A  new  fully  charged  battery  should  have  a 
specific  gravity  reading  of  1.275  to  1.300.  A 


Figure  1.   Temperature  correcting  hydrometer. 
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specific  gravity  reading  between  1.275  and  1.300 
indicates  a  high  state^of  charge;  from  1.240  to 
1.275,  a  medium  state  of  charge;  and  below 
1.240,  a  low  state  of  charge.  Batteries  must  be 
recharged  if  their  specific  gravity  is  below  1.240. 

1-ljS.  You  should  remember  that  the  concen- 
tration of  the  electrolyte  alone  is  no^  the  cause  of 
the  particular  state  of  charge  of  a  cell.  Sulphuric 
acid  could  be  added  or  the  electrolyte  entirely 


replaced  in  a  discharged  battery,  but  the  plates 
would  remain  in  their  discharged  condition.  The 
specific  gravity  test  is  only  reliable  if  nothing 
has  been  added  to  the,  electrolyte  except  occa- 
sional small  amounts  of  distilled  water  to  replace 
that  water  lost  due  to  normal  evaporation* 

1-19.  You  should  make  the  hydrometer  test 
before  adding  any  w^ter  to  the  electrolyte  in  a 
cell.  This  precaution  is  necessary  because  the 
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water  is  lighter  than  the  electrolyte  and  will  tend 
to  float  on  top  of  the  electrolyte  in  the  cell. 
Therefore,  if  you  make  a  hydrometer  test  im- 
mediately after  adding  water,  the  hydrometer 
syringe  will  suck  up  a  sample  which  will  not 
give  true  indication  of  the  electrolyte  condition. 
Appreciable  time  is  required  for  the  water  to 
mix  with  the  electrolyte;  to  speed  up  the  mixing 
process  the  battery  may  be  discharged  and  re- 
charged. 

1-20.  Since  temperature  affects  the  density  of 
the  electrolyte,  you  must  always  consider  it  when 
you  check  the  specific  gravity  of  the  electrolyte. 
The  temperature-correcting  hydrometer,  as  shown 
in  figure  1,  includes  a  thermometer  which  indi- 
cates the  temperature  of  the  electrolyte  at  the 
same  time  you  are  checking  its  density.  This 
permits  you  to  apply  an  inunediate  correction  to 
get  a  corrected  specific  gravity  reading.  The  cor- 
rection points  are  listed  in  table  1. 

1-21.  Look  at  table  1.  Note  that  80^  F.  is 
used  as  a  reference  point.  For  every  10^  above 
SO""  you  add  4  points  to  the  specific  gravity  read- 
ing, while  for  every  10^  below  80^.  you  subtract 
4  points.  What  would  the  specific  gravity  reading 
of  a  battery  be  if  you  took  a  reading  and  the 
hydrometer  indicated  1.250  and  the  temperature 
was  50''  P.?  Look  at  the  temperature  correction 
taWc.  For  50^  F.  we  would  subtract  what?  12 
points  is  right.  Your  original  reading  of  1.250 
minus  12  points  now  equals  1.238.  This  tells 
you  that  the  battery  is  in  a  low  state  of  charge. 
Remember  we  have  already  stated  that  a  battery 
with  a  specific  gravity  reading  below  1.240  is  in 
a  low  state  of  charge. 

1-22.  Servicing,  Before  you  place  a  battery 
on  charge,  you  must  do  several  things  to  it.  The 
first  step  is  to  clean  the  outside  of  the  case  and 
the  top  of  the  battery  cells  with  a  small  hose  and 
plenty  of  fresh  water.  Neutralize  any  acid  on  the 
battery  with  a  solution  d  bicarbonate  of  soda. 
You  should  remove  all  corrosion  by  scraping  or 
brushing  the  surface  clean  with  a  nonmetallic 
brush.  Then  remove  all  traces  of  acid  film  from 
the  connections  or  terminals,  u^ng  a  cloth  that 
has  been  dampened  with  a  soda  solution.  After 
this  treatment,  cover  the  metal  surfaces  with  a 
light  film  of  pure  vaseline  to  protect  them  from 
future  acid  action.  Why  vaseline?  Ordinary 
greases  contain  an  animal  or  vegetable  fat  which 
is  more  corrosive  than  the  battery  electrolyte,  but 
'  vaseline  does  not  corrode.  Qfy  the  tops  of  the 
cells  with  a  sponge  to  pick  tip  any  surplus  mois- 
ture. Always  keep  them  dry  because  dampness 
or  dirt  permits  electric  currents  to  leak  away  over 
the  surface  between  the  terminals. 

1-23.  Remove  the  vent  plugs  and  inspect  the 
electrolyte  level.  Ordinarily,  the  only  loss  in  vol- 


ume of  the  electrolyte  is  from  the  loss  of  its 
water.  While  some  water  is  lost  by  evaporation, 
most  of  the  loss  is  due  to  the  action  of  the  charg- 
ing current  which  decomposes  the  water,  forming 
gases  which  are  given  off  through  the  vent  plugs. 
Acid  is  never  lost  from  the  battery  by  evapora- 
tion or  decomposition.  Therefore,  it  should  never 
be  necessary  to  add  new  electrolyte  unless  some 
should  get  outside  of  the  cell  through  careless- 
ness. If  the  level  of  electrolyte  is  low,  add  dis- 
tilled water  to  bring  the  level  to  approjumately 
three-eights  of  an  inch  above  the  protector  on 
top  of  the  separators.  You  should  use  only  water 
which  is  free  from  impurities  in  storage  batteries. 
The  presence  of  impurities  in  the  battery  causes 
local  actions  that  tend  to  discharge  the  surround- 
ing area  of  the  plate. 

1-24.  Add  water  with  a  self-leveling  syringe 
as  shown  in  figure  2.  Draw  a  supply  of  water 
into  the  rubber  bowl  of  the  syringe;  insert  it  into 
the  cell;  then  inject  a  little  water  into  the  cell  by 


Figure  2.  Self-leveling  synngc. 
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squeezing  the  rubber  ball.  When  you  release  the 
pressure  on  the  ball,  the  surplus  fluid  returns  to 
the  ball.  In  order  to  establish  the  correct  levpl 
of  electrolyte  in  the  cell,  there  is  a  small  hole 
drilled  through  the  stem  of  the  syringe.  When 
the  fluid  level  is  lowered  to  the  edge  of  the  hole, 
the  return  of  fluid  into  the  syringe  stops  and  the 
level  of  the  electrolyte  is  ccMrect  * 

1-25.  While  you  are  charging  the  batteries^^ 
unscrew  the  vent  caps  and  leave  them  in  place 
over  the  ceU  openings  so  that  electrolyte  ga^  and 
spray  doei  not  form  over  the  top  of  the  cells* 
Also,  when  the  caps  are  in  place,  foreign  ma* 
terial  does  not  fall  into  the  cells. 

1-26.  Battery  Charging  Methods.  You  charge 
a  storage  battery  by  passing  a  direct  current  into 
the  battery  in  a  direction  opposite  to  that  of  the 
discharge  current.  Because  of  the  rc^stance 
within  the  battery,  the  voltage  of  the  charging 
source  must  be  greater  than  the  open-circuit  volt- 
age of  the  battery.  For  example,  the  open-circuit 
voltage  ctf  a  fully  charged,  12-cell,  lead-acid  bat- 
tery is  approximately  26.4  volts  (12  X  2.2 
volts).  Therefore,  a  minimum  of  approximately 
28  vdts  is  required  to  charge  it.  This  larger 
voltage  offsets  the  voltage  losses  in  the  battery 
due  to  internal  resistance.  You  can  charge  bat- 
teries by  one  of  two  methdds,  the  constant-cur- 
r,ent  method,  or  the  constant  potential  method. 

1-27.  Constant-current  method.  In  this  method 
of  charging,  the  current  is  maintained  at  a  pre- 
determined value  throughout  the  entire  period  of 
charge.  The  recommended  charging  rate  for  air- 
craft batteries  is  determined  by  the  manufacturer. 
TO  8D2-1-31,  Operating  and  Service  Instruc- 
tions, Aircraft  Storage  Batteries  and  Venting 
Systems,  contains  a  table  which  lists  the  charging 
rates  of  most  lead-acid  batteries  used  by  the  Air 
Force.  The  table  lists  the  charging  rates  for  new 
batteries  (initial  charge),  as  well  as  for  batteries 
which  have  been  in  service  and  are  in  the  shop 
for  normal  charging. 

1-28.  There  may  be  a  lime  when  you  are 
required  to  charge  a  battery  which  is  not  listed 
in  the  TO.  What  charging  rate  should  you  use? 
A  general  rule  to  use  in  a  case  like  this  is  to 
charge  the  battery  at  a  rate  which  is  10  percent 
of  the  ampere-hour  capacity  of  the  battery.  For 
an  example  if  you  had  to  charge  a  44  ampere- 
hour  battery,  you  could  charge  it  at  4.4  amps. 
You  should  use  this  rule  only  when  you  cannot 
•find  the  battery  listed  in  a  TO. 

1-29.  Fortunately,  it  is  not  necessary  lo  have 
a  separate  charger  for  each  battery  undergoing 
charge.  Some  constant-current  charging  instal- 
lations have  a  separate  charging  outlet  for  each 
battery,  as  well  as  an  entirely  separate  set  of 
manual  controls.   With  this  type  of  installation, 


Cartoon  2.   Shcx:k  treatment 


you  can  adjust  the  individual  charging  rate  of 
each  outlet  to  the  requirement  of  the  individual 
battery.  The  most  frequently  used  constant-cur- 
rent charger  in  service  today  is  the  bulb  type 
charger.  This  unit  can  charge  as  few  as  3  cells 
(a  6-volt  battery)  at  the  minimum  charging  rate 
required  (1  ampere),  or  as  many  as  36  cells 
(three  24-volt  batteries)  in  series  at  the  maximum 
rate  of  6  amperes  at  one  time. 

1-30.  This  charger  requires  little  maintenance. 
The  most  common  malfunction  that  you  will  en- 
counter is  a  burned  out  rectifier  bulb.  You  can 
replace  the  bulb  very  easily  by  following  the 
procedures  in  the  applicable  TO.  A  word  of 
caution:  always  disconnect  the  charger  from  the 
power  source  before  performing  any  mainte- 
nance. 

1-31.  When  you  charge  batteries  by  the  con- 
stant-current method,  connect  them  in  series,  as 
shown  in  figure  3.  Connect  the  positive  terminal 
of  one  end  battery  to  the  positive  terminal  of  the 
charger;  connect  the  negative  terminal  of  the  op- 
posite end  battery  to  the  negative  terminal  of  the 
charger.  After  you  complete  the  connections, 
place  the  charger  in  operation  and  rotate  the 
manual  adjustment  until  the  ammeter  gives  a 
charging  indication.  Batteries  can  be  and  have 
been  connected  backwards.  If  this  ever  happens 
to  you,  take  this  action:  Discharge  the  battery  at 
a  slow  rate  and  recharge  it  correctly.  The  charge 
ing  current  is  determined  by  the  ampere-hour 
capacity  of  the  smallest  capacity  battery  in  the 
string. 

1-32.  If  you  wire  in  series  batteries  of  11- 
amperc-l\our,  1 7-ampere-hour,  and  34-ampere- 


.  ConsUnt-currcnt  charging;  batteries  of  same  capacity. 


group  for  charging,  you 
^iDg  rate  for  1.1  amperes  (the 
n  .  charge  rate  of  the  11 -ampere-hour 

bav  fhe   11 -ampere-hour  battery,  \yould 

then  ^  charging  at  its  normal  service  charge 
rate.  However,  the  17-ampere-hour  and  34- 
amperc-hour  batteries  would  be  charging  at  re- 


duced rates.  This  reduced  rate  would  increase 
their  charging  times  considerably  and  decrease 
the  efficiency  of  the  charging  equipment.  This 
is  why  in  most  battery  shops,  it  is  a  common 
practice  to  place  batteries  of  the  same  capacity 
together  in  one  charging  string  so  that  maximum 
charging  may  be  accomplished  with  the  equip- 
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;  Figure  4.  Consttnt-cmrent  charging;  batteries  of  different  capacities  jconnected  in  pftxallel 
I  and  in  series. 
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Figure  5,   Comtant-potential  charging. 


mcnt  available.  When  charging  batteries  of  dif- 
ferent capacities,  you  may  connect  two  smaller 
capacity  batteries  having  similar  voltage  and  ca- 
pacity in  parallel,  and  then  connect  the  charging 
circuit  in  series  with  a  larger  capacity  battery.  A 
setup  of  this  type  is  shown  in  figure  4.  You  may 
connect  many  different  combinations  of  batteries 
of  various  sizes  in  this  manner  to  make  more 
efficient  use  of  the  charger. 

1-33.  You  can  figure  the  approximate  charg- 
ing time  of  a  completely  discharged  battery  by 
dividing  the  ampere-hour  capacity  of  the  battery 
by  the  charging  rate.  An  example  of  this  would 
be  a*  battery  which  has  a  34  ampere-hour  ca--' 
parity  and  a  charging  rate  of  2.5  amps.  Dividing 
34  by  2.5  would  give  you  an  approximate 
charging  tuaae  of  13V5iieurs. 

1-34.  Constant-potential  method.  In  this  method 
of  charging,  you  maintain  the  voltage  at  a 
'prcdetennined  value  throughout  the  entire  pe- 
riod of  charge.  The  recommended  charging 
rate  is  14  volts  for  12-volt  batteries,  and  28 
volts  for  24-volt  batteries.  The  charging  source 
can  be  a  motor-driven  generator,  a  dc  generator 
test  stand,  or  a  rectifier.  Connect  the  batteries 
to  be  charged  in  parallel  to  the  charging  source, 
as  illustrated  in  figure  5.  Each  battery  auto- 
matically draws  a  current  according  to  its  state 
of  charge  and  its  ampere-hour  capacity.  The 
charging  rate  at  the  start  of  charge  is  somewhat 
higher  than  normal,  but  the  rate  decreases 
gradually  as  the  battery  becomes  charged. 

1-35.  Most  constant-potential  chargers  in  use 
today  provide  only  a  28-volt  charging  source. 
With  this  in  mind,  how  do  you  charge  12-volt 
batteries?  To  do  this  you  connect  two  12-volt 
batteries  of  the  same  ampere-hour  rating  in  series, 
and  then  connect  the  series  string  in  parallel  with 
the  source. 


1-36.  Attention  during  charge.  You  must  in- 
spect batteries  undergoing  charge  at  certain  time 
intervals.  You  should  take  specific  gravity  read- 
ings of  the  positive-end  cell  of  each  battery.  Tjke 
th^irst  specific*^gravity  reading  after  4  hours 
of  barging,  and  then  every  2  hours.  Keep  a 
record  of  these  readings.  When  two  successive 
readings  show  no  increase  in  the  specific  gravity, 
remove  the  battery  from  the-  charg^ing  line,  as  it 
has  reached  its  maximum  state  of  charge.  Re- 
member, as  we  stated  previously,  you  must  check 
all  readings  for  temperature  correction^.  , 

1-37.  As  a  battery  chjtrgcs,  gas  bubbles  rise 
ta^the  surface  of  the  electrolyte.  This  is  a  normal 
condition.  But  what  is* happening  when  the  elec- 
trolyte appears  to  be  boiling  violently?  Either 
you  have  charged  the  battery  too  long,  or  charged 
it  at  an  excessively  high  rate.  What  should  you 
do?  If  the  battery  is  fully  charged,  remove  it. 
If  the  charging  rate  is  too  high,  reduce  it. 

1-38,  The  temperature  of  a  charging  battery, 
which  you  obtain  by  a  thermometer  reading  of 
the  electrolyte,  should  not  be  much  greater  than 
the  surrounding  air  temperature.  If  you  don't 
have  a  thermometer,  feel  the  battery  case.  If  it  is 
uncomfortably  warm,  it  is  too  hot.  Reduce  the 
charging  rate  and  the  battery  will  cool.  High 
temperatures  shorten  the  life  of  the  battery,  so 
check  the  temperature  regularly. 

1-39.  Adjusting  specific  gravity.  Unless  elec- 
trolyte is  actually  lost  through  spilUng  or  leaking, 
or  acid  has  been  added,  the  full  charge  specific 
gravity  of  the  electrolyte  does  not  require  ad- 
justing during  the  life  of  the  battery.  Electrolyte 
decreases  very  little  with  age.  Adjust  it  only  if 
continued  charging^  results  in  readings  below 
1.260  or  above  1.310.  Before  adjusting  the  spe- 
cific gravity,  charge  the  baUery  at  the  normal 
rate  until  the  specific  gravity  shows  no  further 
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rise  with  all  cells  gassing.  Do  not  adjust  the 
specific  gravitjf  of  a  cell  if  there  is  n^  gassing. 

1-40.  A  low  specific  gravity  reading  means 
that  you  need  to  replace  the  electrolyte  with  a 
stronger  solution.  You  need  to  adjust  it  upwards. 
To  do  this,  withdraw  some  of  the  electrolyte  from 
the  cell  and  replace  it  immediately  with  electro- 

4> 


lyte  of  a  higher  s^cific  gravity.  Continue  the 
charge  until  all  ceft  have  been  gassing  for  one- 
hour,  then  check  the  specific  gravity  of  the  cells. 
If  it  does  not  check  between  1.275  and  1.300, 
repeat  the  adjustment. 

1-41.  When  the  specific  gravity  reading  is 
higher  than  1.300,  how  do  you  adjust  it  down- 
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Figilre  6.   Capacity  tester. 
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ward?  Common  sense  tells  you  to  reverse  the' 
procedure  for  adjusting  the  electrolyte  upwards, 
and  you  ;vould  be  right  Withdraw  some  elec- 
trolyte and  replace  it  with  water.  Charge  the 
battery  at  a  normal  rate  until  all  cells  have  been 
gassing  for  one  hour.  Check  the  specific  gravity. 
If  it  is  not  between  1.275  and  1.300,  repeat  the 
adjustment. 

1-42.  (jppacity  Testing.  The.  capacity  test  is  a 
bench  check  to  measure  the  tenninal  voltage  (it 
a  lead*acid  battery  while  it  is  under  load,  and 
to  determine  the  battery's  internal  condition  and 
state  of  wear.  The  results  of  the  test  determine 
whether  (he  battery  is  worn  out  or  has  sufficient 
'useful  life  to  warrant  its  return  to  active  service. 
Before  performing  the  capacity  test,  fully  charge 
the  battery  and  then  overcharge  it  for  2  hours. 
After  checking  to  assure  that  the  specific  gravity 
of  all  cells  is  correct  and  within  Umits,  allow  the 
battery  to  stand  for  12  hours. 

1-43.  The  tester,  as  shown  in  figure  6,  con- 
sists of  two  battery  test  leads  which  are  bridged 
by  an  adjustable  nichrome  resistor.  The  tester 
also  contains  an  ammeter,  voltmeter,  and  a  clock. 
After  you  have  connected  the  load  and  voltmeter 
leads  to  the  battery  terminals,  adjust  the  variable 
resistor  to  correspond  to  the  capacity  of  the  bat- 
tery you  are  testing.  As  soon  as  you  actuate  the 
battery  test  switch  on  the  tester,  the  battery  de- 
livers current  and  the  rccordmg  clock  records  the 
time.  You  find  the  capacity  testing  information 
in  TO  8D2-1-31.  It  is  part  of  the  same  table 
you  will  use  to  detenAine  the  charging  rates. 
Therefore,  you  must  have  a  copy  of  the  TO  in  the 
shopf  Included  in  the  table  is  the  time,  in  min- 
utes, that  the  battery  is  expected  to  deliver  a 
cert^  amount  of  cunent  (discharge  rate).  At 
the  end  of  this  time»  the  voltage  must  be  equal 
to  or  above  the  voltage  shown  in  the  End  Voltage 
(folumn  of  the  table.  When  testing  a  battery,  you 
must  carefully  ob,se^  t^e  voltmeter '  and  the 
clock.  When  the  clock  reaches  the  time  listed  in 
the  Discharge  Time  column  of  the  table,  the  volt- 
age should  be  equal  to  or  above  that  listed  in  the 
End  Voltage  column  of  the  table  for  the  battery 
to  h^ve  passed  the  test  satisfactorily. 

1-44.  When  you  have  tested  the  battery,  and 
have  found  it  suitable  for  further  service,  tag  it 
and  marlc  it  "CAPACITY  TEST  OK."  A  record 
to  indicate  that  a  battery  has  been  capacity  tested 
and  the  d^e.  of  the  test  is  stamped  on  the  battely 
case  in  a  pla^e  where  it  will  be  plainly  visible 
when  the  battery  is  installed  in  an  aircraft^  The 
capacity  test  is  peliormed  every  120  days  and 
each  new  test  date  is  recprded  on  the  battery 
dircQtly  underneath  markings  or  previous  dates. 
After  the  battery  has  been  marked,  it  is  re- 
charged and  placed  into  service. 
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1-45.  Batteries  that  do  not  pass  the  capacity 
test  afrf  no  longer  fit  for  service  in  an  aircraft. 
These  batteries  are  either  condemned  or  painted 
bright  yellow  and  stenciled  with  black  letter^ 
••DO  NOT  INSTALL  IN  ANY  AERCRAFT— 
FOR  GROUND  USE  ONLY."  These  batteries 

.may  then  be  used  on  testing  devices,  battery 

.  carts,  or  other  equipment.  They  should  not  be 
used  in  ground  power  equipment,  because  ground 
power  equipment  requires  the  same  high  stand-  ^ 
ards  in  batteries  as  do  aircraft.  A  battery  is  used 
to  start  a  piece  of  ground  power  equipment.  If 

'  a  battery  isn't  capable  of  supplying  emergency 
power  for  an  aircraft,  it  will  never  supply  enough 
power  to  start  a  ground  power  unit. 

1-46.  Maintenance.  ,You  now  know  how  to 
service,  charge,  and  test  a  lead-acid  battery.  The 
easiest  part  of  the  whole,  section  follows.  What 
should  you  do  with  a  defective  or  unserviceable 
battery?  If  you  have  carefully  studied  the  pre- 
ceding paragraphs,  you  know  the  answer.  We 
discussed  this  in  the  capacity  testing  section. 

-  Batteries  that  fail  the  capacity  test  are  generally 
condemned.  You  can  be  sure  ofpne  thing,  if 
one  cell  is  found  defective  in  a  lead-acid  bat- 

'j[jry,lhe  other  cells  are  not  fartfrom  being  in  the 
same  condition.  It  is  a  wastd|.of  time  and  ma- 
terial trying  to  replace  dew^ve  cells.  True, 
some  TO's  give  detailed  instruSBons  on  how  to 
replace  cells  and  components,  but  they  fail  to 
say  how  many  repairmen  like  yourself  were  suc- 
cessfijl  in  doing  it. 

1-  47.  As  far  as  you  are  concerned,  there  is  no 
repair  made  to  the  lead-acid  battery.  At^^this 
point,  our  discussion  changes  to  the  nickel- 
cadmium  and  silver-zinc  batteries.  They  can  be 
repaired  by  guysJike  you  and  me. 

2.  Nickei-Cadmium  BotterifS 

2-  1.  The  nickel-cadmium  battery  is  the  first  of 
the  two  alkaline  batteries  that  we  will  discuss;  the 
other  is  the  silver -zinc  battery.  The  alkaline  bat- 
teries receive  their  name  from  the  materials  that 
are  used  in  the  construction  of  the  plates.  Nickel- 
cadmium  batteries  have  the  following  major  ad- 
vantages over  the  other  commonly  used  batteries: 

Subparagraph  a,  deleted. 

i>.  They  maintain  a  relatively  steady  voltage, 
even  when  they  are  being  discharged  at 
high  currents. 

c.  They  are  not  permanently  damaged  if 
they  are,  overcharged,  overdischarged,  or 
charged  in  the  wrong  direction. 

d.  They  can  stand  idle  in  any  state'  of  charge 
for  an  indefinite  time. 
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e.  They  retain  their  charge  if  they  are  stored 
in  a  charged  condition  for  prolonged  peri- 
ods.  1 

/.  They  are  not  damaged  by  freezing. 

g.  They  are  not  subject  to  failure  by  vibration 
or  severe  jolting.  ,  ♦  '  , 

h.  They  do  nof  usually  give  off  corrosive 
fumes.  '  .  ' 

/.  They  are  made  up  of  individually  replace-  ' 
able  ceHst 

Even  with  all  of  these  advantages,  the  nickel- 
cadmium  battery  presents  hazards  to  safety. 
Therefore^  we  will  discuss  safety  first. 

2-2.  Safety.  Many  of  the  same  hazards  to 
safety  that  were  discussed  in  the  lead-acid  battery^ 
section  also  apply  when  servicing  nickel-cadmium 
]batteries.'  In  addition,  the  electrolyte  used  in* 
nickel-cadmiuBi  batteries  contains  potassium  hy- 
droxide, which  is  a  -very  strong  alkaline.  ,Uke 
sulphuric  acid,  potassium  hydroxide  can  cause 
serious  bums  if  it  contacts  your 'skin.  Whtfn  han- 
dling tjjis  electrolyte,  you  should  wear  protective 
clothing,  such  as  an  alkaliproof  apron,  alkaliproof 
rubber  gloves,  face  masl^  or  gogg|fa,  and  rubber 
boots.  Sounds  like  a  tepeat  of  the  lead-acid 
battery  section,  doesn't  it?» 

2-3.  The  following  procedures  are  recom- 
mended if  you  ^should  accidentally  splash  some 
electrolyte  on  yourself: 

(1)  Internal.  Take  large  quantities  of  water 
and  a  weak  acid  solution  such  as  vinegar,  \tmo^ 
juice,  orange  juice,,  followed  by  either  the  white"^- 
of  an  egg,  olive  oil,  starch  water,  mineral  oil,  or 
melted  buuer.  OBTAIN-  MEDICAL  ATTEl^- 
TION  AT  ONCE. 

(2)  External.  To  treat  the  skin,  wash  the  af- 
fected area  with  largi  quantities  of  water. 
Neutralize  witt^  vinegar,  lemon  juice,  or  a  5  per- 
cent boric  acid  solution,  and  wash  ^th^  water. 
If  you  get  it  in-yoQr  eyes,  wash  with  clear  water 
or,  using  an  eye  cup,  wash  with  a  weak  solution 

.  of  boric  acid  or  vinegar  and  water.  Then  repeat 
with  clear  water.  OBTAIN  MEDICAL  ATTEN- 
TION AT  ONCE. 

•2-4.  As  you  see,  there  ^e  many  things  you 
*can  use  to  neutralize  potassium  hydroxide.  True, 
iOM  may  not  have  all  of  these  items  in  your 
ihop,  but  you  should  have  the  boric  acid.  As  in 
the  lead-acid  battery  shop,  you  should  have  run- 
ning water  available,  such  as  a  hose,  deluge 
shower,  and  eye  wash.  The  faster  you  can  dilute 
any  electrolyte  splashed  on  you,  the  better  off 
you  are. 

2-5.  Nickel-cadmium  battery  shops  will  be 
mechanically 'ventilated  to  provide  3  to  4  air 
changes  per  hour.  Adequate  ventilation  insures 


the  removal  of  any  hydrogen  gas  generated  as  a 
result  of  charging.  Smoking  and  other  ignition 
sources  will  be  prohibited  inahe  battery  shop, 
because  the  hydrogen  gas  generated  by  nickel- 
cadmium  batteries  is  explosive.  Remember,  you 
should  remove  all  jewelry  whenever  you  work 
around  any  electrical  equipment,  whether  in 
the  shop  or  on  the  flight  line. 

2-6.  What  do  you  tfiink  would  happen  if  you 
accidently  got  some  sulphuric  acid  electrolyte  into 
a  nickehcadmium.  battery?  This  situation  has  oc-  ' 
currcd  and  aceiaents  have  resulted,  if  some  sul- 
phuric acid  electrolyjte  gets  into  nickel-cadmium 
batteries  and  they  are  connected  to  a  charging 
source,  they  can  blow  up.  Why? 

2-7.  ^Without  going  into  the  chemical  formulas,* 
vve.will  explain  how  this  happens.  When  the  acid 
is  mixed  with  the  alkaline,  they  tend  to  neutralize 
each  other^  Theoretically*,  if  this  happened  ^e 
would^end  up  with  water.  When  the  battery  is 
connected  to*a  charging  source,  the  water  acts  as 
a  short  circuit  in  the  battery,  thereby  resulting  in' 
a  high  current  flow  ftirougH  the  battery. 

'  The  high  cunent  flow  causes  ex- 
cessive heat  and  the  battery  explodes.  You*  can 
prevent  accidents  like  this  from  happetung  by: 

•  Isolating  alkaline  batteries  from  lead-acid 
batteries.        '        ^  •        '  * 
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Figure  7.  Typical  discharge  voltage  curve. 

•  Not  using  the  same  tools  on  lead-acid  bat- 
teries that  you  use  oiijalkalinc  batteries. 

Only  you  can  prevent  accidents  from  happening 
by  khowing  the  hazards  to  safety  that  exist,  and 
correcting  them  before  you  or  someone  else  gets 
hurt.  You  must  b*e  safety  conscious  at  all  times. 

2-8.  Shop  Operation*  In  the  following  para- 
graphs are  common  jobs  that  y<Ju  will  perform 
while  working  in  a  nickel-cadmium  battery  shop. 
Detailed  information  for  servicing  nickel-cad- 
mium batteries  and  detailed  shop  procedures  are 
in  the  applicable  TO*s.  We  discuss  here  general 
information  that  pertains  to  all  nickel-cadmium 
batteries. 

2-9.  Electrolyte.  The  electrolyte  is  a  30  per- 
cent (by  weight)  solution  of  pota^ium  hydroxide 
in  dis^tllled  water.  Generally,,,  nickel-cadmium 
batteries  contain  the  proper  electrqlyie  when  re- 
ceived. There  may  be  times  howevcft  when  you 
will  be  required  to  mix  cljSctrolyt^ Remember 
the  rule  for  mixiMjbe^^Sfectrol^e  for  lead-acid 
batteries.  The  sanicSlilc  applips  here.  You  pour 
the  potassium  hydroxio^^iit^the  water.  Heat  is 
generated,  so  you  must  use  the  proper. type  con- 
tainer, such  as  was  used  with  sulphuric  acid.  You 
cannot  use^  any  container  that  previously  had 
sulphuric  acid  in  it, because  gf  acid  contamina- 
tion. 

2-10.  The  proper  level  of  the  electrolyte  in  a 
nickel-cadmium  battery  is  Vs  inch  above  the  top 
of  the  plates.  During  battery  operation,  some 
water  may  be  lost  due  to  normal  gassing,  vent- 
ing, or  overcharging.  You  can  replace  this  loss 
with  pure  distilled  water.  If  you  add  water  to  a 
battery,  it  must  be  discharged  and  recharged; 
this  insures  that  the  water  mixes  with  the  electrori^ 
lyic  in  the  cell. 


2-11.  State  of  charge.  The  state  of  charge  of 
nickel-cadmium  batteries  cannot  be  determined 
by  the  batttry  voltage  or  by  the  specific  gravity 
of  the  electrolyte.  The  normal-opcn-circuit  volt- 
age of  a  nickel-cadmium  cell  is  1.3  volts.  To 
illustrate  the  fact  that  voltage  does  not  show  the 
state  of  charge,  figure  7  shows  a  typical  discharge 
voltage  curve  against  the  state  of  charge  of  the 
battery.  A  reading*of  about  24  volts  means  that 
the  battery  may  be  completely  charged  (pojnt^l 
on  the  curve)  or  almost  completely  discharged 
(point  2  on  the  t  curve).  The  state  of  charge 
cannot  be  determined  by  the  specific^gravity  of 
the  electrolyte,  because  the  electrolyte  is  not 
changed  by  the  chemical  reaction  that  occurs  in 
the  batteries.  The  specific  gravity  is  almost  the 
same  whether  the  batteries  are  charged  or  dis- 
charged. ^ 

2-12.  A  nickel-cadmium  battery  is  at  zero  state 
of  charge  when  it  has  been  discharged  to  zero 
volts,  and  at  a  full  charge  when  it  has  been 
charged  by  constant  current.  At  any  other  time, 
the  state  of  charge  cannot  be  determined  except 
by  discharging  and  measuring  the  amount  of  dis- 
charge to  the  cutoff  voltage.  It  cannot  be  deter- 
mined by  the  specific  gravity  of  the  electrolyte 
since  it  does  not  change  during  battery  charge 
or  discharge. 

2-13.  Servicing.  Before  placing  a  nickel-cad- 
mium battery  on' charge,  you  should  check  the 
case  and  cell  for  cracks,  warpage,  and  electrolyte 
leakage.  If  you  find  a  cracked  or  warped  cell, 
replace  it.  If  overcharging  has  occurred,  gassing 
and  bubbling  of  the  electrolyte  through  the  vents 
cause  the  formation  of  a  white  substance  on  top 
of  the  cells.  This  is  nothing  more  than  harmless 
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potassium  carbonate,  which  you  can  easily  re- 
move with  a  stiff  dry  brush  or  by  washing  with 
water.  '  , 

2-14.  After  you  have  cleaned  the  battery*  in- 
spect the  terminals  and  cell  connector  ^  bolts. 
Tighten  them  to  the  proper  torque  values  listed 
in  the  applicable  tech  order.  Do  not  subject  the 
metal  components  of  the  nickel-cadmium  battery 
to  painting  or  the  application  of  any  ariticorro?ion 
compound. 

2-15.  Constant-Current  Charging.  Nickel-cad- 
mium batteries  are  to  be  charged  by  the  constant- 
current  method  only,  and  never  while  in  parallel. 
Although  this  batte.ry  can  be  operated  in  an^ 
position,  it  must  be  charged  in  the  upright  posi- 
tion to  prevent  loss  of  electrolyse.  Vent  caps 
should  be  loose  and  in  place  during  charge. 


2-16.  Constant-potential  charging.  Always 
connect  the  battery  to  be  ^  charged  to  an  au- 
thorized battery-charger  analyzer  as  specified  in 
TO  8D2-3-1.  Charge  the  battery  as  directed  by 
\the  operating  instructions  outlined  in  the. appro- 
priate TO  for  the  charger  analyzer. 

2-17.  During  charge,  occasionally  check  the 
battery  temperature.  If  the  battery  case  begins  to 
heat  excessively  (uncomfortable  to  touch),  it 
may  be  necessary  to  add  distilled  water  to  the 
affected  cells.  Add  water  only  until  the  electrolyte 
is  visible  above  the  baffle  plate.  Remember,  you 
must  always  follow  detailed  procedures  of  the  ap- 
plicable TO. 


Paragraph  2-18  deleted. 


Figure  9.   Charger/ analyzer. 
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Figure  10.    Charger/analyzer  charging  curve. 


If  you  charge  a  nickel-cadmium  battery  by  the 
constant-current  ihethod,  you  must  consult  the 
TO  for  the  correct  charging  current  and  time. 

2-19.  Charger /andyzer.  The  chargcr/analyzdr 
provides  an  automatic  means  of  servicing  the 
nickel-cadmium  batteries.  Figure  9  shows  just 
one  of  many  different  types  used  by  the  Air 
Force.  The  front  control  panel  of  the  unit  con- 
tains the  selector  switches  for  the  types  of  bat- 
teries it  can  service.  It  also  contains  voltmeters, 
ammeters,  timers,  and  connections  for  the  bat- 
teries to  be  serviced.  Inside  the  cabinet  is  the 
secret  of  operation.  This  is  where  the  trans- 
foritier-rectifiers  and  the  voltage  and  current- 
control  relays  arc  located.  Nornially,  you  do  not 
perform  any  maintenance  on  this  unit,  but  if  a 
malfunction  does  occur,  refer  to  the  applicable 
TO  for  repair  procedures.  The  unit  shown  serves 
thre^  functions:  tharger,  discharger,  and  ana- 
lyzer. We  will  discuss  each  section  individually. 

2-20.  a.  Charger  section.  The  charger  section 
uses  both  the  constant-current  and  constant-po- 
tential methods  of  charging.  Just  how  is  this 
-accomplished?  During  the  initial  charge  the  cur- 


'  rent  entering  the  battery  is  limited  to  a  constant 
current.  This  is  accomplished  by  the  .use  of 
timers  and  current  control  relays.  After  a  pre- 
determined time  an  automatic  and  periodic 
sampling  of  the  charging  current  is  taken.  When 
the  charging  current  drops  to  a  predetermined 
value,  the  charger  reverts  to  the  constant- 
potential  method  of  charging.  You  can  see  this 
by  looking  at  the  charger/ analyzer  charging  curve 
that  is  shown  in  figure  10.  For  example,  we  will 
use  a  constant  current  *of  approximately  10  amps 
to  start.  After  a  predetermined  period  of  time, 
at  poin(  A  on  the  curve,  a  2*secodd  sample  of 
the  charging  current  is  taken.  This  is  shpwn  by 

^  the  current  surge  lines.  Actually  what  happens 
is  that  the  current  limiting  control  relays  drop  out 
andS||charger  reverts  to  the  constant-potential 
methoo'^for  2  seconds.  Remember,  when  bat- 
teries are  charged  by  the  constant-potential 
method,  the  amount  of  charging  current  is  regu- 
lated by  the  state  of  charge  of  the  battery.  There* 
fore,  if  the  battery  is  not  charged,  there  is  a 
sudden  high  current  draw,  but  only  for  2  seconds. 
Relays  in  the  unit  sense  the^hi^  current  draw 
and  the  unit  reverts  back  to  the  constant-current 

^  method  of  charging.  As  the  battery  accepts  a 
charge,  the  high  current  draw  decreases,  until  we 
reach  point  B  on  the  curve.  At  this  point,  the 

}  unit  automatically  reverts  to  a  constant  potential 
of  28.5  volts  and  contimies  to  charge  until  the 
battery  reaches  its  full  rat^^^f  charge.  The  com- 
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pleie  charging  cycle  takes  approximately  2  hours. 
The  charger/analyzer  can  charge  up  to  four  bat- 
teries at  onetime.  * 

2-21.  h.  Discharger  section.  The  discharger 
section  serves  almost  the  same  function  as  the 
capacity  test  discussed  in  the  lead-acid  battery 
section.  It  places  the  nickel-cadmium  battery 
under  a  predetermined  electrical  load  for  a  sef 
period  of  time  to  measure  its  terminal  voltage. 
After  you  have  connected  a  battery  to  the  dis- 
charger section  and  positioned  the  correct 
switches,  the  test  b  performed  automatic2illy.  If 
the  battery  voltage  does  not  drop  below  19  volts 
within  the-2-hour  limit,  a  "DISCHARGE  AC- 
CEPT* lamp  illuminates  and  further  discharge 
stops.  If  the  voltage  drops  below*  19  volts  be- 
fore the  2-hour  limit  is  up,  discharge  stops  and 
a  "DISCHARGE  FAIL"  lamp  illuminates.  If  a 
battery  fails  the  discharge  test,  each  cell  must  be 
checked  with  a  voltmeter  to  determine  the  de- 
fective cells.  The  discharger  section  can  check 
only  one  battery  at  a  time.  However,  it  can  be 


2-24.  As  we  said  earlier  in  this  section,  the 
nickel-cadmium  battery  is  composed  of  replace- 
able cells.  When  one  cell  goes  bad,  you  replace 
just  that  cell.  Before  you  attempt  to  replace  a 
cell,  you  must  completely  discharge  the  battery. 
To  completely  discharge  the  battery,  connect  it 
to  a  load  bank  until  the  cell  voltage  drops  to  .9 
of  a  volt.  Then  place  a  jumper  wire  across  each 
cell.  The  jumper  wire  can  be  just  a  few  turns 
of  heavy  safety  wire.    After  you  install  the 
jumper  wires,  allow  the  battery  to  set^for  8  hours. 
As  the  battery  discharges,  it  produces  heat  which 
expands  the  cells.   Therefore,  you  must  allow 
the  battery  to  cool  before  you  try  to  remove  any 
cells.  Cell  remo^  is  quite  easy  if  you  follow 
the  instruction  outlined  in  the  TO.  Some  bat- 
teries require  that  you  remove  a  key  cell  before 
you  can  remove  any  other  cells;  this  varies  >yith 
each  type  of  battery.  So,  make  it  easy  for  your- 
selftand  check  the  TO.  ^ 

2-25.  When  installing  a  new' cell,  be  sure  that 
it  is  completely  discharged.  The  easy  way  to  get 


used  while  batteries  are  comiected  to  the  chargjjfl^^  new  ceil  to  slide  into  place  is  to  put  a  thin  coat 
section.  After  a  battery  has  been  tested  it  mig^P%f  vaseline  on  the  sides  of  the  cell. 


be  recharged. 

2-22.  c.  'Analyzer  section.  When  you  con- 
nect a  battery  to  the  analyzer  section,  it  goes 
through  the  complete  cycle  of  charging,  discharge 
testing,  and  recharging  automatically.  The  com- 
plete operation  takes  6  hours.  Inuring  this  time 
you  cannot  use  the  other  sections  of  the  unit,  as 
•  they  "are  now  controlled  by  the  analyzer  section 
control  switches.  If  at  any  time  a  battery  fails  to 
meet  the  requirements  of  any  one  cycle,  the  unit 
stops  and  a  warning  light  illuminates  to  indicate 
which  cycle  failed,  such  as  "CHARGE  FAIL" 
or  "DISCHARGE  FAIL".  When  a  battery  com- 
pletes all  cycles  satisfactorily,  a  'JBATTERY 
GO"  light  illuminates  and  the  battery  is  ready 
'  to  be  placed  into  service.  If  a  battery  fails  to 
meet  the  requirements,  you  must  determine  the 
vmalfunction,  which  is  generally  defective  cells. 

2-23.  iMalntenaiKe*  Do  you  know  how  to  use 
a  torque  wrench?  If  not^  now  is  the  time  to  learn. 
You  can't  perform  any  repair  work  on  the  nickel- 
cadmium  battery  without  using  a  torque  wrench. 
Even  the  preservicing,  before  placing  the  battery 
on  charge,  requires  that  you  check  the  torque 
for  the  cell  connector  bolts.  You  will  find  the 
torque  values  in  the  applicable  TO.  Why  torque 
tl^c  bolts?'  It  goes  all  the  way  back  to  the  funda- 
mentals you  learned  ^about  voltage,  cunent,  and 
resistance.  A  loose  cell  connector  bolt  causes 


After  you 

have  the  cell  Installed,  remember  that  you  must 
torque  the  connecting  bolls. 

2-  26.  The  largest  part  of  the  repair  work  that 
you  will  be  doing  is  replacing  defective  compo- 
nents. There  is  no  repair  made  to  a  defective 
cell;  it  is  condemned  the  same  as  a  lead-acid 
battery.  This  is  also  true  in  the  niaintenance 
and  repair  of  the  silver-^nc  battery'  which  we 
will  now  discuss. 

3.  Silver-Zinc  Batteries 

3-  1.  The  silver-zinc  battery  has  many  of  the 
lame  advantages  as  the  nickel-cadmium  battery. 
We  must  also  say  that  there  are  a  few  excep- 
tions or  disadvantages  as  compared  to  the  nickel- 
cadmium  or  even  the  lead-acid.  The  greatest 
advantages  that  the  silver- zinc  battery  has  over 
the  other  two  are  its  size  and  its  capacity  ratio. 
The  silver-zinc  is  approximately  half  the  size  of 
the  other  batteries  but  it  has  an  ampere-hour 
capacity  rating  of  double  that  of  the  other  bat- 
teries. 

3-2.  The  use  of  the  silver-zinc  battery  is  very 
limited.  It  was  designed  for  use  in  aircraft  as 
an  emergency  source  ^f  direct  current  and  not 
for  the  operation  of  electrical  equipment  while  the 
aircraft  is  on  the  ground.  The  battery  is  very 
sensitive  to  excess  voltage  and  high  current.  Be- 


resistance.  A  loose  ecu  connector  Doit  causes^  ^^^^^^  niust  be 

high  resistance  and,  as  you  knojV;  high  resistance  ♦  ^  ♦    i;^:*  fU.  ' vnitncrp  at  the 

causes  low  curtem  flow.  Thereforerth<?  batteg  ^^^^^^^ely  adjusted  to  Urn  the  voltage  at  the 
would  not  put  out  its'  rated  cunent  and  wZd  baftery  tennmal  to  28  volts  "^^"^^^  ^^^^ 
not  accept  a  charge.  This  is  why  it  is  important  the  same  Unc,  the  battery  must  be  checked  for 
"  -  -  its  state  of  charge  before  the  aircraft  engines  are 


that  you  torque  all  bolts  properly. 
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Figure  11.   Testing  battery  cell  voluge. 
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started.  If  the  state  of  charge  is  low  and  the 
battery  is  connected  to  the  aircraft  buses,  the 
high  current  ^trying  to  charge  the,  battery  will  be 
just  as  destructive  as  high  voltage.  For  these  same 
reasons,  the  battery  should  never  be  connected  to 
the  aircraft  bus  if  external  power  is  applied. 

3-3.  Safety.  The  hazards  to  safety  that  exist 
with  the  silver-zinc  battery  are  the  same  as  those 
that  were  discussed  in  the  nickel-cadmium  sec-,, 
tion.  Your  knowledge  of  these  hazards  is  the 
only  way  that  you  can  prevent  accidents  from 
happening. 

3-4.  The  silver-zinc  battery,  like  the  nickel- 
cadmium  battery,  uses  potassium  hydroxide  in  the 
electrolyte.  Therefore,  the  same  type  protective 
clothing  and  neutralizing  agents  can  be  used.  Re- 
member, the  greatest  hazard  to  safety  is  acid 
contamination.  Be  aware  of  it  at  all  times;  get 
careless  just  once,  and  you  may  not  have  a  second 
chance.  •  . 

3-5.  Shop  Operation.  The  silver-zinc  battery 
•  shop  should  look  more  like  a  laboratory  than  a 
battery  shop.  It  should  be  air-conditioned  because 
controlled  temperature  is  necessary  for  proper 
battery  servicing.  Cleanliness  is  a  must.  As  with 
the  nickel-cadmium  shop,  the  silver-zinc  shop 
must  be  totally  isolated  from  the  lead-acid  bat- 
teries to  •prevent  add  contamination.  You  can 
find  detailed  information,  for  servicing  batteries 
and  detailed  shop  procedures  in  the  applicable 


TO.   We  will  discuss  here  some  general  jobs 
and  information  that  pertains  to  all  silver-zinc  . 
batteries. 

3-6.  Electrolyte.  The  electrolyte  for  the  silver- 
zinc  battery  comes  premixed  with  each  new 
battery  you  receive.  This  eliminates  mixing 
electrolyte.  You  still  must  use  caution  while 
handling  the  electrolyte  though,  because  it  con- 
tains potassium  hydroxide. 

3-7.  Unlike  the  lead-acid  and  the  nickel- 
cadmium  batteries  which  are  filled  with  elec- 
trolyte to  a  specifed  level,  each  cell  of  the  silver- 
zinc  battery  is  filled  with  a  measured  amouM  of 
electrolyte.  Once  a  cell  has  been  filled  it  does 
Upt  require  the  addition  of  water  or  electrolyte 
at  any  time  during  its  use. 

3-8.  Another  exception  is  that  after  you  have 
'serviced  the  silver-zinc  battery  with  electrolyte, , 
you  must  allow  it  to  stand  for  72  hours  before 
taking  any  further  action.  This  is  known  as  the 
soaking  period.  As  you  remember,  lead-acid  and 
nickel-cadmium  batteries  could  be  placed  on 
charge  immediately  after  'being*  serviced  with 
electrolyte. 

3-9.  tiiaie  of  charge.  So  far,  we  have  discussed 
two  different  batteries,  the  lead-acid  and  nickel- 
cadmium,  each  having  li- different  way  to  de- 
termine the  state  of  charge.  Do  you  remember 
what  they  are?  You  dfetermine  the  slate  of  charge 
of  the  lead-acid  by  the  specific  gravity^  of  the 
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electrolyte,  and  the  nickel-cadmium  by  the 
amount  of  current  the  battery  draws  when  con- 
nected to  a  constant-potential  charging  bus.  Now 
we  have  a  third  way  to  determine  the  state  of 
charge. 

3-10.  The  state  of  charge  of  the  silver-zinc  bat- 
tery is  determined  by  measuring  the  open-circuit 
voltage  across  each  cell.  You  do  this  by  using 
the  b^dery  tester,  RAC777~1,  as  shown  in  fig- 
ure 11,  or  by  using  a  voltmeter  which  reads  ac- 
curately to  .01  of  a  volt.  A  voltage  reading  of 
1.82  volts  or  higher  for  each  cell  indicates  that 
the  battery  is  70  to  lOO  percent  of  its  rated  ca- 
pacity. A  voltage  reading  below  1.82  volts  is 
less  than  an  acceptable  state  of  charge.  This  re- 
quires that  the  battery  W  serviced. 

3-11.  Servicing.  You  must  service  and  charge 
the  silver-zinc  battery  in  stria  accordance  with  the 
manufaaurer's  instructions  and  technical  ord^s. 
You  cannot  expect  a  normal  service  life  un- 
less they  are  followed  carefully.  At  the  present 
time,  the  normal  service  life  of  a  silver-zinc  bat- 
tery is  approximately  15  months.  In  fact,  the 
battery  must  not  be  allowed  to  exceed  15  months 
of  age  from  activation  date.  This  time  begins 
when  the  battery  is  first  serviced  with  electrolyte 
and  can  end  prematurely  with  improper  care  and 
servicing.  The  proper  care  and  servicing  is  part 
of  your  job. 

3-12.  Before  you  place  a  new  or  used  battery 
on  charge,  you  should  inspect  the  top  of  the 
battery  for  corrosion  and  damaged  cells.  Re- 
move any  corrosion  by  wiping  clean  with  a  damp 
cloth.  When  you  have  the  battery  clean,  check 
the  tightness  of  the  nuts  on  the  intercell  con- 
neaors.  If  any  are  found  loose,  tighten  them; 
but  before  you  tighten  them,  be  sure  to  check  the 
TO.  With  the  TO  as  a  guide,  you  must  torque 
all  nuts  with  the  torque  wrench.  After  you  have 
cleaned  the  battery  and  checked  all  nuts  for  the 
proper  torque,  you  are  now  ready  to  charge  the 
battery. 

3-13.  Charging  Methods.  This  is  another  area 
where  the  silver-zinc  battery  is  quite  different 
from  the  lead-acid  or  nicrfcel-cadmium  batteries. 
The  silver-zinc  battery  goes  through  a  charging 
process  which  is  called  formation  charging.  This 
is  a  process  of  charging  and  discharging  the  silver- 
zinc  battery  in  a  controlled  sequence  to  condition 
the  internal  elements  of  the  battery.  This  con- 
ditionmg  enables  it  to  deliver  its  maximum  rated 
capacity. 

3-14.  Just  what  docs  this  mean  to  you?  The 
key  words  are  '*to  condition."  Look  at  it  this 
way.  For  some  reason  or  other,  you  are  required 
to  do  45  "pushups.  You  know  you  can't  dd  this 
many  pushups  at  one  time  without  practice,  but 


you  can  condition  yourself  to  be  able  to.  To  do 
this,  today  do  5  pushups,  and  each  day  thereafter 
do  5  more  than  the  day  before.  On  the  9th  day 
you  would  be  able  to  do  the  required  45  pushups 
This  would  be  your  rated  capacity.  We  could 
apply  this  same  idea  to  the  conditioning  of  a 
silver-zinc  battery.  A  predetermined  amount  of 
current  or  charge  is  placed  in  the  battery.  After 
we  put^the  charge  into  the  battery,  we  take  it 
back  out  or  discharge  the  battery.  Then  we  start 
all  over  again  and  this  time  we  increase  the 
charge.  This  process  continues  until  we  reach 
the  rated  capacity  of  the  battery. 

3-15.  It  may  sound  like  an  easy  job  to  charge 
a  silver-zinc  battery.  Don't  believe  it.  All  the 
time  that  you  are  servicing  the  battery,  you  must 
closely  check  and  record  the  charging  current, 
battery  voltage,  and  battery  temperature. 

3-16.  A  special  form  AFTO  Form  71,  Shop 
Processing  Formation  Worksheet,  is  provided  for 
the  purpose  of  recording  all  actions  taken  during 
the  servicing,  formation  charging,  and  service  life 
of  the  battery.  This  form  is  very  important  to 
you,  especially  when  someone  else  is  working  in 
the  battery  shop  with  you.  By  reviewing  the 
entries  on  the  form,  you  can  determine  what  ac- 
tions have  been  taken  and  what  remains  to  be 
done.  Including  the  soaking  period,  and  depend- 
ing upon  the  number  of  formation  charging  cycles 
you  have  to  perform  to  reach  the  rated  capacity, 
it  can  take  up  to  12  days  to  service  a  silver-zinc 
battery.  You  can  find  detailed  instructions  for 
the  completion  of  the  form  in  the  TO  on  silver- 
zinc  batteries.  Like  the  lead-acid  and  nickel- 
cadmium  batteries,  the  silver-zinc  batteries  can 
be  charged  by  both  the  constant-current  and  con- 
stant-potential methods. 

3-17.  Constant  current.  The  constant-current 
method  is  the  recommended  way  of  charging  the 
silver-zinc  battery.  The  silver-zinc  battery 
charger,  shown  in  figure  12,  provides  the  best 
charging  source.  It  incorporates  all  of  the  volt- 
meters and  ammeters  that  are  required  to  moni- 
tor the  charging.  This  charger  has  a  built-in  load 
bank  used  for  discharging  the  battery.  There  are 
many  different  types  of  chargers  in  use  today, 
so  consult  the  applicable  TO  for  the  correct  opera- 
tion of  the  one  you  use. 

3-18.  Constant  potential.  In  an  emergency, 
you  may  use  a  constant-potential  source.  The 
input  voltage  must  be  closely,  monitored  so  as 
not  to  exceed  28  voltsj'  and  the  current  must  be 
controlled  to  limit  the  initial  current  surge  to  50 
amperes  or  less.  A  higher  current  will  damage 
the  cells. 

3-19.  Maintenance.  As  with  the  nickel-cad- 
mium battery,  maintenance  of  the  silver-zinc  bat- 
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BATTERY  DISCHARGING 
Figure  12.   Silvcr-ziflc  battery  charger. 


tery  consists  mainly  of  replacing  defective  cells. 
You  find  detailed  instructions  for  cell  replace- 
ments in  the  applicable  TO.  Another  exception 
of  the  silver-zinc  battery  is  that  when  the  battery 
has  reached  the  end  of  its  service  life  as  pre- 


scribed by  the  TO,  all  cells  are  replaced.  This 
is  why  a  record  must  be  kept  from  the  time  the 
battery  is  -  first  serviced  and  put  into  use.  The 
defective  cells  are  condemned  the  same  as  the 
nicl^el-cadmium  cells. 

2Ga  ■ 
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Power  Systems 


AIRCRAFT  must  be  kept  at  their  highest  ef- 
l\  ficiency  at  all  times.  Since  most  of  the  niis- 
sion  equipment  is  electrically  operated,  the  power 
system  must  be  kept  in  perfect  operating  condi- 
tion. In  addition  to  the  mission  equipment,  many 
of  the  aircraft  control  systems  also  depend  on  the 
electrical  systems. 

2.  In  order  for  the  electrician  to  keep  the 
power  system  at  its  highest  peak  of  efficiency, 
special  test  equipment  had  to  be  provided.  The 
requirement  for  this  special  test  equipment  has 
been  brought  about  by  the  complexity  of  today's 
systems. 

'3.  In  the  old  days,  a  voltmeter  or  an  ohm- 
meter  would  do  the  job.  Now,  you  must  use  test 
equipment  that  duplicates  the  operating  conditions 
found  in  the  power  system  to  provide  the  means 
of  testing  system  components.  You  must  be  re- 
sponsible for  the  operation  and  maintenance  of 
the  test  equipment.  In  this  chapter,  we  will  dis- 
cuss the  more  common  types  of  test  equipment 
identified  with  power  system  testing. 

4.  ll  this  chapter,  we  will  divide  power  sys- 
tems test  equipment  into  two  areas*  dc  and  ac. 
During  the  discussion  of  the  dc  power  systems 
test  equipment,  two  items  will  be  covered,  the 
A-2  generator  test  stand  with  load  bank  and  the 
T-3I  tester.  The  ac  power  systems  test  equip- 
^menl  coverage  includes  testing  and  loading.  The 
testers  are  T~35,  T~170,  and  MC-2  test  stand; 
the  loader  is  an  A~l  load  bank.  Each  of  the 
above  stated  itctriii  are  covered  with  respect  „to 
construction  and  operation.  Later  in  this  course, 
under  aircraft  power  systems,  the  test  equipment 
covered  in  this  chapter  will  be  used  to  determine 
system  malfunctions. 

4.  DC  Test  Equipment 

4-1.  As  the  name  implies,  the  equipment  to  be 
tested  operates  in  a  dc  system.  To  control  system 
operation/  in  order  to  determine  discrepancies, 
test  equipment  has  been  built  to  simulate  aircraft 
operation.  This  test  equipment  is  the  subject  in 
this  section. 


CHAPTER  2 


Test  Equipment 


4-2.  DC  Generator  Test  Stand.  You  have  no 
doubt  already  seen  and  realized  the  importance 
of  the  generator  test  stand  in  daily  shop  operation. 
Figure  13  is  a  picture  of  a  typical  A-2  test  stand. 
Don't  be  alarmed  if  it  isn't  the  same  a^  the  one 
that  you  have  in  your  shop.  There  are  many  dif-  ' 
ferent  versions  still  in  service.  However,  they 
all  perform  the  same  as  the  one  that  you  have 
in  your  shop.  They  all  perform  the  same  two 
basic  functions:  (1)  they  turn  the  generator  at 
various  speeds  and  (2)  they  provide  a  means  of 
applying  a  load  to  the  generator  under  test. 

4-3.  Description.  What  are  some  of  the  capa- 
bilities of  the  generator  test  stand?  This  test 
stand  simulates  the  operational  service  conditions 
for  testing  30-volt  dc  generators  with  ratings  up 
to  600  amperes.  It  is  usually  referred  to  as*  a 
varidrive  since  it  provides  a  means  of  regulating 
generator  speed.  It  also  provides  a  means  of 
applying  loads  to  the  generator  under  test. 

4-4.  On  top  of  the  test  stand  there  is  a  re- 
sistive load  bank.  The  switches  (itemC,  fig.  13), 
located  on  the  front  panel,  control  tbe  resistive 
load  bank..  The  load  bank  is  used  ti^  provide 
a  load  for  the  generator  under  test.  When  a 
switch  is  placed  in  the  ON  position,  it  connects  a 
bank  of  resistors  in  parallel  with  those  already 
in  the  circuit. 

4-5.  This  load  bank  gives  us  an  opportunity  to 
apply  Ohm's  lay  to  the  series  and  parallel  cir- 
cuits  involved.  The  generator  output  is  applied 
between  the  "28  VDC"  and  the  ^^COMMON" 
terminals.  What  load  woiild  be  ap|$lied-to  the 
generator  if  the  generator  voltage  is  set  at  28.5 
volts  and  a  10-amp  switch  is  closed?  Each  10- 
amp  switch  cgnnects  a  2.85-ohm  resistance  in 
parallel  with  generator  output.  Current  equals 
source  voltage  divided  by  circuit  resistance. 


I  =    28.5  volts 
^    2.85  ohms 
I  =:  10  4mps 

4-6.  Now,  what  would  happen  to  the  current 
if  the  generator  voltage  is  set  at  30  volts  and 
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a  10-ami>  switch  is  closed?  Figure  it  out  and 
you'll  come  out  with  10.5  amps.  Also,  if  the 
generator  voltage  is  less  than  28.5  volts,  we  have 
a  current  flow  of  less  than  10  amps.  From  this 
discussion  we  have  determined  that  the  load 
switches  ai^ly  only  to  an  approximate  load.  Ac- 
tual load  is  determined  by  generator  voltage. 
However,  tKfc' 'indicated  loads  are  close  enough  for 
daily  operation  of  the  test  stand. 

4-7.  The  20-,  40-,  and  100-amp  switches  in- 
volve parallel  circuits.  When  any  of  these 
switches  are  closed,  the  total  current  flows 
through  the  switch  and  then  divides  through  each 
leg  of  a  parallel  branch.  There  are  a  number  of 
ways  to  determine  the  current  flow  through  these 
parallel  branches.  Let's  discuss  a  40-amp  branch 
(four  2.85  ohm  resistors  in  parallel)  using  two 
different  approaches.  We  find  total  resistance 
by  using  the  formula: 


RT 


1 

Rl 


R2 


1 

R3 


1 

R4 


Because  all  resistors  are  of  the  same  value,  we 
merely  divide  the  value  of  one  resistor  by  the 


number  of  resistors  in  the  string.  In  this  case,  4.« 
Current  flow  is  then  found  by  dividing  source 


2.85 
4 


=  0.7125  ohms 


voltage  by  total  resistance. 


I  = 


R 


I  =  40  amps 


4-8.  Another  method  of  determining  current 
flow  in  a  parallel  circuit  is  to  determine  current 
through  each  branch.  Then  add  these  branch  cur- 
rents to  find  total  current.  We  have  already 
solved  for  current  flow  through  a  series  2.85- 
ohms  resistor  and  found  it  to  be  10  amps.  In 
this  case  of  four  parallel  2.85-ohm  resistors,  we 
have  a  total  current  of 

10  +  10  +  10  +  10  =  40  amps 

Again  the  amount  of  load  provided  by  each 
switch  is  approximately  equal  to  the  ampere  desig- 
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Figure  13.    A-2  generator  test  staod« 
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nation*indicatcd  on  the  panel  face.  As  we  proved 
before,  actual  current  is  determined  by  generator 
voltage. 

4-9.  A  variable  resistor  (item  A,  fig.  13)  is 
provided  for  a  variable  control  of  generator  cur- 
rent output  from  0  to  25  amperes.  This  resistor 
adds  a  limited  amount  of  resistance  in  parallel 
with  the  bank  resistors. 

4^10.  To  control  the  generator  output  voltage, 
/  a  variable  0-to  10-ampere  generator  field  control 
(item  B,  fig.  13)  is  provided.  This  rheostat  al- 
lows more  resistance  to  be  placed  in  series  with 
the  generator  field,  thereby  controlling  the  gen- 
erator output  voltage. 

4-11.  There  are  various  types  of  meters  on 
the  face  of  the  panel.  These  meters  indicate  the 
various  aspects  of  generator  performance  such  as 
voltage,  current,  and  speed  of  the  generator.  You 
should  become  completely  familiar  with  each 
meter  and  all  other  controls  before  altemp^^ng  to 
operate  the  test  stand. 

4-12.  The  basic  generator  test  stand  is  unable 
to  check  all  of  the  generator  system  components. 
But,  with  a  little  work  on  your  pan,  you  can 
greatly  increase  the  capabilities  of  the  test  stand. 
All  you  have  to  do  is  to  modify  the  stand  to 
'incorporate  the  wiring  of  the  basic  generator  sys- 
tem. Now,  let's  expand  some  on  this  subject  of 
modification. 

4-13.  Modification.  The  enclosed  portion  (D) 
of  figure  13  is  a  modification  that  was  performed 
by  the  local  electric  shop.  You  will  probably 
recognize  some  of  the  components  installed  dur- 
ing the  modification  as  being  dc  gejierator  system 
components. 

4-14.  Where  do  you  get  permission  to  modify 
the  generator  test  stand  and  why  must  it  be  modi- 
fied? We'll  take  these  questions  one  at  a  time. 
Normally  you  aren't  allowed  to  modify  anything 
without  the  proper  authority.  Furthermore,  modi- 
fications should  be  limited  to  the  external  mount- 
ing of  components  which  would  not  affect  the 
basic  test  stand.  In  this  way,  you  can  also  change 
the  modifications  to  meet  new  needs. 

4-15.  Modifications  should  be  performed  only 
if  it  increases  the 'versatility  of  the  test  stand. 
Since  the  test  stand  provides  a  means  of  turning 
the  generator  and  applying  loads,  why  not  in- 
corporate the  other  generator  system  components? 
The  modified  test  stand  would  then  enable  you  to 
test  all  generator  system  components.  This  would 
include  testing  and  calibrating  the  voltage  regu- 
lator, field  control  relay,  RCR,  overvoltage  relay, 
•  and  of  course,  the  generator.  Sinpe  the  generator 
can  be  driven  at  various  speeds  and  various 
loads  applied,  a  thorough,  check  of  component 
operation  can  be  made. 


4-16.  As  you  have  probably  guessed,  the  modi- 
fication is  a  mockup  of  the  aircraft  generator 
system.  Most  dc  generator  systems  are  basically 
the  same.  Therefore,  one  system  can  probably 
take  care  of  all  your  needs.  The  components 
should  be  mounted  in  such  a  manner  that  they 
can  be  replaced  easily  by  the  component  under 
test.  All  wiring  and  connections  should  be  in- 
stalled with  the  same  care  and  precautions  used 
in  aircraft  wire  maintenance.  A  neat  and  syste- 
matic layout  of  the  components  produces  a  piece 
of  test  equipment  of  which  you  will  be  justly 
proud. 

4-17.  Servicing.  Maintenance  of  the  generator 
test  stand  is  the  responsibility  of  the  electric  shop 
personnel.  Whenever  you  are  placed  in  a  position 
that  requires  you  to  operate  the  stand,  you  should 
also  be  aware  of  Iht  maintenance  requirements. 
The  test  stand  TO  covers  the  maintenance  of  the 
stand  as  well  as  the  operating  procedures.  So, 
after  you  finish  reading  the  section  on  operation, 
continue  on  and  read  the  maintenance  require- 
ments. 

4-18.  The  importance  of  preventive  mainte- 
nance of  the  stand  cannot  be  overstressed.  It 
must  be  properly  inspected  and  serviced  just  like 
any  other  piece  of  mechanical  equipment.  It  pays 
to  properiy  grease  and  lubricate  the  stand  at  the 
prescribed  intervals.  You  know — we  might  even 
consider  this  action  as  an  insurance  policy.  It^s 
much  easier  to  spend  a  little  time  servicing  the 
test  stand  than  it  is  to  explain'  to  the  chief-of- 
maintenance  why  you  had  a  bearing  failure.  "This 
is  especially  true  if  it  occurred  due  to  a  lack 
of  lubrication  and  happened  at  some  crucial  time. 
So  always  remember  .to  check  the  applicable  TO 
and  keep  the  test  stand  properiy  serviced. 

4-19.  Safety.  Become  familiar  with  the  TO 
that  applies  to  your  equipment.  Get  checked  out 
on  the  operation  of  the  test  stand.  Then  become 
safety  conscious,  and  always  remain  so.  Follow 
these  three  steps  before  you  stan  working  on  or 
operating  the  test  stand. 

4-20.  T-31  Tester.  The  model  T=-31  dc  sys- 
tem tester  (fig.  14)  is  designed  to  provide  a  fast 
and  uniform  method  of  testing  and  adjusting  dc 
generator  control  panels.  With  special  wire  har- 
nesses, it  can  *be  adapted  to  test  other  dc  system 
components.  This  tester  is  powered  by  115  volts 
ac  and  dofes  not  incorporate  the  use  of  a  dc 
generator.  You  may  conduct  the  bench  check 
of  a  control  panel  without  access  to  the  internal 
components  since  all  indications  of  proper-relay- 
functioning  are  visible  on  the  tester  by  means 
of  lamps  and  meters.  A  l2-position  selector 
switch  ypn  the  panel  face  atuomatically  connects 
the  proper  voltmeter  range,  the  proper  indicator 
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Figure  14.  tester. 


lamp,  and  correct  electrical  power  to  the  various 
circuits  in  each  component. 

4-21.  Dc  control  panels,  as  previously /men- 
^oned,  are  getting  rather  scarce  since  most  of  the 
newer  aircraft  are  turning  toward  ac  power.  How- 
ever, there  are  still  many  uses  for  this  tester  in 
shop  repair  work.  Various  test  harnesses  can  be 
made  up  so  that  you  can. use  the  timer  or  any  of 
the  other  meters  on  the  front  panel.  This  provides 
you  with  a  means  of  testing  many  othef -system 
components. 

4-  22.  If  your  shop  has  a  T-31  tester,  we  sug- 
gest that  you  get  the  applicable  TO  and  read  it. 
Here  you  find  t,he  step-by-step  operating  pro- 
cedure and  a  wiring  diagram  for  the  jester.  The 
tHagram  will  be  helpful  when  you  want  to  adapt 
the  tester  to  uses  other  than  thosd  tor  which  it 
was  designed.  Maintenance  on' the  tester  is' 
limited  to  the  rq>air  of  electrical  circuit  malfunc- 
tions. These  will  be  few  and  far  between  if  the 
tester  is  operated  as  prescribed  in  the  TO.  Cali- 
bration of  the  meters  on  the  is  performed 
by  PMEL. 

5.  AC  Test  Equipment 

5-  1.  FoVmerly  the  dc  power  systems  were  the 
prime  electrical  system,  on  aircraft,  but  today  the 
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new  aircraft  are  ac  powered.  As  pointed  out 
earlier,  the  vast  majority  of  the  systems  on  an 
aircraft  are  in  some  way  dependent  upon  elec- 
trical power.  The  more  systems  dependent  upon 
electricity,  the  more  variable  the  levels  of  voltage 
will  have  to  be.  Ac  is  a  good  source  of  po\yer 
that  can  be  easily  changed  in  potential.  .Since 
ac  is  more  promi^ient  than  dc  now,  it  is  logical 
to  devote  more  space  to  the  testers  of  ac  power 
equipment.  Another  reason  for  more  coverage 
is  that  ac  power  systems  are  more  ^diverse  in 
components  and  operation  than  arc  dc  power 
systems.  For  these  reasons,  .the ^  rest  of  this 
chapter  will  cover  ac  power  systems  test  equip- 
ment. The  first  piece  of  test  equipment  we  will 
consider  is  the  T-35  tester, 

5-2.  The  T-35  Tester*  The  T-r35  tester,  or 
control  panel  test  set  is  designed  specifically 
as  a  general  purpose  test  set  for  all  control  and 
protection  panels  not  containing  transistors.  The 
voltohmmeter  is  used  for  troubleshooting,  and  the 
test  set  is  used  for  operational  pe^ortnance.  The 
test  set  tells  you  the  status  of  each  item  in  the 
control  and  protection' panels.  You  can /test  the 
perfoonance  of  your  equipn\eqt  with  this  tester 
by  simulating-  various  voltage  or  frequency  con- 
ditions that  may  occut  in  flight.   You  are  rc- 
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sponsible  for  operation  axid.,maintenance  of  this 
test  equipment.  The  following  discussion  is  de- 
signed to  acquaint  you>  with^the  various  circuits 
and  components  within  the  test  stand.'  The  T-35 
t,est«r  provides  a  fast  ^d  uniform  method  of 
'  testing  and  adjusting  (:ertain  ae  power  generator 
system  components.'  In  order  to  test  other  ac 
power-generating  components,  special  test  leads 
are  necessary.  The  component^  to  be  tested  and 
adjusted,  which  will  use  all  the  test  set  circuits 
and  meters^,  are  the  ac  control  panels,  frequency 
and' load  controUen,  autoparalldling  controls,  and 
underspced  controls.  ♦  ' 

5-3.  Components.  The  T~35  test  set  consists 
of  an  ac  electronic  generator,  power  amplifier,  • 
amplifier  power  supplies,  an  ac  metering  and  con- 
trol unit^  a  dc  power  supply  metering  and  control 
unit,  and  a  metering  and  control  imit  for  the 
constanl-speed-drive  controls  (see  fig.  15).  These 
units  are  housed  in  a  desk  type  console  and  are 
interconnected  to  provide  a  complete  test  set  for 
chtcking  certain  makes  and  ;nodels  of  the  gene- 
vxator  and  control  panels  and  constant  speed  drive 
.  controls  and  their  components.  The  components 
that  make  up  the  test  stand  are  mounted  on 
shelve^  in  the  back  of  the  tester  and  are  easily 
;  accessible  through  inspection  doors. 

5-4.  Ac  electronic  generator.  This  unit  fur- 
nishes three-phase,  low-amplitude,  low-distortion, 
"  sine  wave  vcitages.for  the  control  and  protection 
panels  that  arc  beings  tested.  This  generator  pro- 
duces the  normal  operational  voltages  for  check- 
ing out  the  units  iifThc  control  and-  protection 
panels.  The  frequency  of  the  voltage  may  be 
manually  adjusted  over  a  range  of  from  310  to 
440  Hertz  (Hz*  formerly  cps)  plus  or  minus  1 
Hz,  or  over  a 'range  of  from  390  to  410  Hz,  plus 
or  minus  0.1  Hz.  .This  is  done  with  thereyi- 
brated  dial  on  the  panel  of*  the  elcctrpnk^jcp- 
erator  unit  (item  D,  front  of  fig.  ISf^  A  high- 
•  frequency,  single-phase  supply  voltage  also  is 
furnished  by  this  unit  to  siihulatc  the  signal*^  gen- 
erated by  the  undorspeed  system  employijig  a 
magnetic  pickup  used  on  some  constant-speed 
drive  units.  This  section  is  calibrated  in  terms 
of  the  speed  necessary  to  turn  the  gear  in  the 
drive  unit  to  produce  a  signal  of  the  same  fre- 
quency. . 

5-5.  Power  amplifiers.  There  arc  three  power 
amplifiers  (item  E,  rear  of  fig.' 15),  one  fqf.each 
phase,  to  increase  the  low-amplitude,  low-power 
voltage  from  the  generator  to  a  115-volt,  line-to- 
neutral  voltage  at  outputs  from  0  volt-amperes  to 
90  volt-amperes.  The  amplifiers  incorporate  the 
necessary  circuits  that  provide  very  low  source 
impedance,  and  regulation  td  insure  constant 
voltage  outputs  with  load  or  line  voltage  varia- 


tions. Phase  A,  B,  and  C  power  amp^iers  each 
employ  a  power  suppjy,  the  function  of  w4iich 
^s  explained  latc^in  the  operation  section. 

5-6.  Amplifier  power  supplies.  The  three  am- 
plifier pow6r  supplics*(items  F,  G,  H,  rear  view, 
fig.  15)  furnish  the  rccjuircd 'voltages  for' the 
filament  and  the  various'  anode  and  bias  voltages 
that  are  required  for  the  operadon  of  the  elec- 
tronic gcncr^tw  and  power  amplifiers.  They  con- 
sist of  transformer-rectifier  tube  circuits  with 
filter  network*. 

5-7.  Ac  metering  and  control  unit.  This  unit 
contains  the  necessary  controls  and  metering  ^nd 
switching  equipment  for  making  tests  of  the  a^: 
operated  circuits  of  control  panels  ^and  Qontrols 
(item  B,  fig.  15).  Three-phase  voltages,*  bafeneed 
in  amplitude  and  manually  .adjustied  from  0  to 
150  volts,  are  provided  tat  lilaiung  tests.  Also, 
an  unbalanced  three-phase  supply,  with 'any  se- 
lected phase  having  a  variable  ^Voltage  while  the 
other  two  are  held  at  115  volts*  is  provided, 

5-8.  Dc  power  supply  metering  and  control 
unit.  This  unit  contains  a  fi^ed  voltage  dc  .power 
supply  as  well  as  an  adjustable  voltage  dc  power 
supply  to  provide  the  necessary  dc  power  to 
operate- the  control  panel  Components  and  to  pro- 
vide indications  of  operation  of  tlie  various  com- 
ponents, (item  A,  fig,  15). 

5-9.  Metering  and  control  unit  for  constant^ 
speed  drive  controls.  The  nccessaiy  power  me- 
tering and  switching  required  for  checking  the 
drive  controls  are  incorporated  in  this  unit  (item 
C,  fig.  15),  Also  a  separate  receptade  for 
making  tests  on  the  drive  controls  is  provided. 
All  of  the  necessary  test  leads  for  connecting  llie 
units  being  tested  to  the  test  set  are  furnished 
with  the  tester  and  are  found  in  the  drawers  of 
the  console, 

5-10.  Opcratjon.  The  T-35  tester  is  used  for 
control  panels  rated  at  115/200  volts,  400  Hz, 
single  or  three-phase.  The  input^required  for  the 
,  set  is  1 15  volts,  60  Hz,  single-phase  power  with 
a  maximum  load  of  M^OQiperes,  The  m^imum 
output  of  the  400-Hz  ac  generator  is)^  volt- 
amperes  per  phase.  The  three-phase  voltage  is, 
adjustable  from  0  to  150  volts.  Single-phase 
voltage,  manually  adjustable  from  0  to  300  volts, 
.is  also  provided.  Fixed  dc  power  is  available  at 
26  volts  nominal.  A  variable  dc  voltage  is  avail- 
able and  is  adjustable  from  0  to  60  volts.  The 
test  set  subassemblies  are  connected  together  with 
harness  assemblies.  The  relationships  of  the  sub- 
assemblies are  shown  in  the  block  diagram  of 
figure  16. 

5-11.  Pow^r  supply,  phase  A.  This  power 
supply  provides  the  necessary  plate,  bias,  and 
tube  heater  power  to  the  ac  generator.  A  trans- 
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former*  and  a  5Y3  rectifier  tube  with  a  filter 
network  supply  a  positive  280  v«lts  dc.  .The 
highest  voltage  secondary  6l  this  transformer  is 
also  connected  to  a  6X4  rectifier  tqbe  which 
•supplies  a  negative  voltage  through  a  fitter  net- 
work to  m  OBZ  regulating  tube.  This  voltage 
regulating  tube  provides  a  negative  108  volts  dc, 
wfflch  is  the  reference  voltage  for  the  output  volt- 
age regulator  of  the  amplifier. 

5-12.  The  heater  power  at  6.3  volts  ac  for  the 
amplifier  is  furnished  by  the  secondary  of  aaother 
transformer.  The  highest  voltage  secondary  of 
this  transformer  is  connected  to  a  5Y3  rectifier 
tube^ith  the  rectified  output  filtered.  This  out; 
put*  300  volts  dc  provides  plate  power  for  the 
low-level  stages  of  the  amplifier.  Through  a  volt- 
age divider  network,  a  negative  grid  bias  of  50 
volts 'dc  ' is  obtained  for  the  output  stage  of  the 
amplifier.  Another  transformer  has  its  high-volt- 
age Secondary  connected  "to  two  5R4*  rectifier 
tubes.  These  ^  tubes  are  connected  in  parallel. 
The  output  of  these  two  tubes  provides  750  volts 
dc  to  the  plate  of  the  output  stage  of  the  phlise 
A  amplifier. 

5-13.  Power  supply,  phase  B  and  C.  These 
power  supplies  furnish  the  plate,  bias,- and  heater 
power  for  the  dmplYfier  for  the-ph^es  B  aiid  C 
amplifiers  fig.  16i).  The  operation  of  these 
power  supplies  is  identical  to  "the  power  supply 
'for  phase  A,  which  we  discussed  prfeviously." 


There  is  2  -108  volts  dc  output  used  as  a  ref- 
erence for  the  output  regulation  of  the  amplifier, 
-f  6.3  volts  ac  output  for  heater  pbwer  to  the 
amplifier  tubes,-  +300  volts  dc  for  the  plates  of 
the  iQW-level  stages  of  the  amplifier,  -50  volts 
dc  for  the  grid'  bias  of  the  power-output,  stage 
of  the  amplifier,  and  a  4-750  volti  dc  for  the 
plate  supply  to  the  power^utput  tub6s.  of  the 
amplifier. 

5-14.  P€>wer  amplifiers.  The  electronic  ampli- 
fiers are  used*  to  atnplify  the  low-level,  three- 
phase  vpltages  produced  by  the  ac  generator. 
These  three,  phases  A,  B,  and  C  amplifiers,  are 
identical  in  construction  and  operation.  They  ih- 
crease  the  pow^j  to  each  line-to-neutral  voltage; 
and  each  supplies  a  voltage,  adjustable  over  a 
range  of  from  95  to  130  volts  ac,  delivering 
approximately '90  volts-amperes  at  115  volts.  The 
output  voltage  is  indepehdcnt  of  load  variations 
and  does  not  exceed  ±0.§  volt  from  no  load  to 
full  load.  Each  amplifier  is  connected  to  a  power 
supply  which  provide^  the  necessary  plate,  bias, 
*and  tube  heater  power.  An  input  signal  from 
the  ac  generator  is*'  applied  to  the  grid  of  a  triode 
tube.  The  signal  is  amplified  and  coupled  to  the 
appropriate  stages  consecutively.  A  degenerative 
feedback  circuit  stabilizes  the  gain  of  the'  ampli- 
fier, and  reduces  distortion  of  the  output' signal. 

5-15.  Ac  electronic  generator.  This  genera- 
tor's a  stable  electronic  oscillator  with  a  balanced 
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Figur^  16.    Block  diagram  of  the  T-35;  ^ 
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Figure  17.  T-35  control  panel. 
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three-phase  output.  The  frequency  range  of  from 
310  to  440  Hz  uses  a  resistor-capacitor  network 
for  frequency  determination,  while  the  frequency 
ranges  of  from  390  to  410  Hz  and  from  4907  to 
5760  Hz  use  an  inductor-capacitor  parallel  res- 
onant circuit  for  their  frequency  determination. 
The  single-phase  output  <rf  the  oscilTator  is  con- 
nected to*a  single-  to  three-phase  static  converter. 
These  three-phase  voltages  are  fed.  to  the  three 
power  amplifiers,  as  shown  in  the  b4ock  diagram, 
figure  16.  For  the  high-frequency  range,  the 
single-phase  ou^)ut  of  the  oscillator  is  connected 
to  a  two-stage  cascaded  amplifier.  This  amplifier 
has  ^  degenerative  feedback  circiiit  to  improve 
gain  stability.  The  single-phase  voltage  is  then 
applied  to  the  power  amplifiers  for  further  am- 
plification. 

5-16.  Ac  metering  and  control  unit.  This  unit 
controls  the  three-phase  voltage,  and  provides 
voltages  of  adjustable  levels  and  correct  phases. 
It  incorporates  meters  for  making  various  volt- 
age and  current  measurements.  The  three-phase 
voltage  from  the  poWer  amplifiers  is  applied  to  a 
three-phase  variable  autbtransformer.  The  out- 
put of  this  autotransformer  is  adjustable  by  the 
AC  VOLTS  control,  shown  in  figure  17.  Each 
specific  switch  position  on  this  unit  provides  cer- 
tain operating  conditions.  When  the  AC  VOLTS 
switch  is  in  thp  UN^AL  150  V  position,  the 
voltage  of  the  phase  selected  by  the  PHASE 
SELECTOR  switch  is  varied  by  the  AC  ViJLTS 
control  (autotransformer),  \^le  the  voltages  of 
the  other  two  phases  are  helc^  at  115  volts.  Other* 
positions  of  the  AC  VOLTS  switch  allow  for 
selecting  three-phase  balance  150-v,  three-phase 
balance  300-v,  three-phase  unljalance  300-v, 
single-phase  7.5-v,  single-phase  20-v,  single- 
phase  150^v,  and  single-phase  300-v  positions. 

5-17.  Dc  poMfer  supply  metering  and  control 
unit.  This  unit  provides  both  fixed  and  adjusta- 
ble dc  power.  It  incorporates  meters  for  making 
various  voltage,  current,  and  resistance  measure- 
ments and  a  timer  for  determining  response 
times.  Indicator  lamps  are  provided  for  indicat- 
ing vrelay  contact  operation  in  the  unit  undergoing 
test.  Affixed  dc  power  supply  provides  26  volts 
dc  for  operation  of  the  timer  clutch  and  the  in- 
dicator lamps.  The  testing  procedure  can  %  per- 
formed on  a  typical  ac  protection  panel  after  the 
preliminary  settings  of  switches  and  controls  (see 
fig.  17).  A  chart  giving  the  preliminary  settings 
is  shown  Jn  table  2.  Each  reference  number  in 
table  2  indicates  the  name  of  the  switch  or  con- 
trol on  the  test  set.  Every  item  in  the  ac  pro- 
tection panel  can  be  tested.  For  example,  the 
gejicrator  control  relay  (OCR)  trip  drcuifmay 
be  checked  by  placing  the  TEST  switch  (refer- 
ence Nr.  7,  fig.  17)' in  posidpn  1  and  by  turning 


the  do.  POWER  switch  (reference  Nr.  3,  fig,  17)  * 
on  rotating  the  do  volts  control  (reference 
Nr.  20,  fig.  17)  until  the  GCR  trips  and  lamp 
Nr.  2  goes  out.  The  trip  voltage  may  read  18 
volts  or  less  on  the  dc  voltmeter  (reference  Nr. 
28,' fig.  17).  Below  are  oUier  checks  that  can  be 
performed  on  the  ac  protection  panel. 

•  Undervoltage  relay  check. 

•  Overvoltage  relay  check. 

'    #  Overvoltage  relay  time-delay  check. 

•  Selector  relay  and  bias  circuittcheck. 

•  Open-phase  relay  Nr.  1  check. 

•  Differential  protection  relay  check. 

•  Control  panel  test  switches  check. 

•  Open-phase  relay  Nr.  2  check. 

•  Anticycling  relay  checL 

•  Tune-delay  relay  Nr.  1  check. 

•  Auxiliary  relay  Nr.  3  check, 

•  Transformer-rectifier  check. 

Always  refer  to  the  applicable  technical  order  in 
testing  ac  protection  panels.  ^ 

5-18.  The  information  which  we  have  pre- 
sented on  the  T-35  tester  is  intended  only  to  ac- 
quaint you  with  the  tester  capabilities  and  the 
functions  of  the  various  test  set  *  components. 


Table  2 

fAitY  Settings  of  Switches  and  Controls 
MODEL  T35  TEST  SET 


Switch 

Reference 

No. 

Position 

Power 

I 

• 

On 

Timer  w 
DC  Power  ^ 
Generator 

2 

Off 

3 

Off 

4 

Off 

Gen.  Control  Relays 

5 

Normal 

Resistance 

*  6 

Off 

Test 

7 

Off 

AC  Volts 

8 

Bal.— 150  V 

Phase  Selector 

9 

A 

Fault  Selector 

10 

Off 

Millianuneter  Range 

11 

Off 

Fault-current  Phase 

12 

Off  ^ 

Ph^e  Sequence 

IJ 

Normal- 
ABC 

Autoparallel  ^ 

14 

Normal 

DC  Volts 

15 

K-H  Terra 

K-H  Term. 

16' 

Normal 

Load  Current 

'  17 

Off 

AC  Voltmeter 

18 

Motor  Volts 

Frequency  Range 

19 

390-410 

Function  ^ 

35 

F&L 

DC  Voltmeter 

36 

,  30  V 

DC  Voltmeter 

37 

30  V 

Control 

Reference 

No. 

Position 

DC  Volts' 

30 

Off-CCW 

AC  Volts 

21 

Off-CCW 

Open  Phase  and  Reactive 

Cunpnt 

22 

off-cgw 

Load  Current 

.  23 

CCW 

Frequency  Control 

24 

400  Hz 
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Also,  note  that  the  T-35  tester  is  somewhat 
limited  when  it  comes  to  testing  the  more  sophis- 
ticated  transistorized  ac  power  system  compo- 
nents. A  new  test  set  has  been  developed  to 
provide  the  means  for  testing  these  transistorized 
power  system  components,  and  is  designated  the 
T-170  tester. 

6.  Th«  T-170  Testtr 

6-1.  The  T-1.70  tester  is  designed  to  provide 
a  fast  and  uniform  method  for  testing  and  ad- 
justing certain  ac  power-generating  system  com- 
ponents. However,  this  tester  may  be  adapted  to 
test  other  ac  power-generating  system  compo- 
i]pnts  by  using  both  a  special  test  lead  designed 
for  that  component  and  appropriately  punched 
^tcst  cards.  As  an  aircraft  electrician,  you  are 
responsible  'for  the  operation  and  maintenance  of 
the  generator  control  and  protection  panels.  You 
must  know  how  to  operate  this  test  stand  properly 
to  give  you  a  true  status  (operational  status) 
on  equipmSnt  panels.  The  following,  discussion 
will  acquaint  you  with  various  circuity  stod  com- 
ponents within  the  test  stand. 

6-2.  The  test  set  can  te§t  control  panels  rated 
at  115/200  volts,  400  Hz,  single-  or  three-phase, 
and  three-  or  four-wire.  The  following  is  a  list  of 
the  principal  tests  performed  by  the  T-170  test 
set: 

•  Static  regulator. 

•  Overvoltage  trip  time. 

•  Unde|hroltage  trip  time. 

•  UndeWoltage  trip  point.  -  ^ 

•  Differential  protection, 

•  Overcurrent  protection. 

•  Frequency  relay  calibradon. 

•  Exciter  protection.  * 
V     •  Paralleling  relay. 

•  Overexcitation.  * 

•  Underexcitation. 

•  Relay  operation.  .  ^ 

•  Step-change  frequency. 

•  Forward  and  revene  diode. 

6-3.  This  test  set  is  designed  specifically  as  a 
general-purpose  test  set  for  all  control  protection 
panels.  Its  maximum  output  is  100  VA  volt- 
ampere  per  phase,  The*three-phase  voltage  is  ad- 
justable from  0  to  200  volts,  and  the  single-phase 
voltage  is  adjustable  from  0  jto  150  volts.  A 
fixed  and  a  variable- dc  voltage  are  available 
from  0  to  35  volts,  or  from  27  to  63  volts. 

6-4.  Components*  The  test  set  consists  of  the 
following  units:  ac  electronic  •  generator,  power 
amplifiers,  amplifier  power  supplies,  power  dis- 


tribution unit,  programmer  and  relay-control  cen- 
ter, caj^  switch,  voltage-control  unit,  control  dc 
power  supplies,  indicator  unit,  recorder  unit,  and 
digital  instrumentation  system.  These  units  ace 
housed  \n  a  desk-type  console,  as  shown  in  fig- 
ure 18. 

6-5.  Ac  electronic  generator.  This  unit  (item 
H,  fig.  18)  furnishes  variable-frequency  signals 
over  two  ranges  (375-423  Hz  and  300-530  Hz), 
as  well  as  fixed  frequencies  of  400  and  1600  Hz. 
There  are  four  individual  outputs  from  the  vari- 
able-frequency section,  each  sep^irated  by  90 
and  forming  a  four-phase  system  which  is  trans- 
formed to  a  three-phase  system  by  the  amplifier 
units.  This  phase  relationship  is  maintained  at 
all  frequency  settings.  The  variable, frequency  is 
controlled  by  three  dials  on  the  front  panel,  as 
shown  in  figure  18.  There  are  two  knobs  for  the 
375-423  Hz  range,  and  provision  is  made  to 
change  from  the  setting  of  one  to  that  of  the  other 
as  a  step  function  might  be  required  for  checking 
the  response  of  generator  frequency  control 
panels.  The  fixed  frequencies  of  400  Hz  and 
1600  Hz  are  used  for  simufeftihg  systems  with 
permanent  magnet  generators,  or  for  making  two 
generator  paralleling  tests.  The  fixed  frequencies 
are  single-phase  outputs  only.  All  output  -volt- 
ages  are  regulated. 

6-6.  Power  amplifiers.  There  are  four  ampli- 
fier units  (item  J,  fig.  18),  three  of  which  com- 
bine the  four-phase  output  from  the  ac  generator 
unit  and  produce  a  three-phase  1 1 5/200-volt  out-  * 
put.  The  fourth  amplifier  is  connected  to  the 
fixed-frequency  output  of  the  ac  generator  unit. 
The  amplifiers  are  adjusted  for  a  constant  volt- 
age gain  of  10  and  a  very  low  output  impedance, 
due  to  the  large  amount  of  feedback  useid  in  the 
circuits  involved. 

6-7.  Amplifier  power  supplies.  All  amplifiers 
have  common  power  supplies.  One  unit  item  I, 
supplies  -all  the  preamplifier  stages.  The  second 
unit  supplies  all  the  output  stages  (item  K,  fig. 
18).  This  unit  is  turned  on  after  a  time  delay  ^ 
to  allow  the  power  tubes  to  reach  operating  tem- 
perature. 

6-8.  Power  distribution  unit.  This  unit  (item 
A,  fig.  18),  contains  the  principal  60-Hz  input 
fuses,  the  time-delay  relay,  and  the  power  relay 
to  control  the  amplifier  power  supply  output.  ' 
An  elapsed  time  indicator  is  also  mounted  on  this 
unit.  The  115-voft,  6p-Hz  input  power  connec- 
tioi|  to  an  adjacent  terminal  block  is  marked  to 
indicate  power  and  ground  connections, 

6-9.  Programmer  and  relay  control  center. 
This  unit  contains  the  circuit  setup  relays  and  the 
transformers  for  applying  test  signal  to  the  panel 
,on  test  (item  B,  fig.  18).  The  output  connector  ^ 
and  the  test-set  power  switch  are  located  on  the 


28 


ERIC 


27y 


42330- 


A.  POWER  DISmiBimON  UNIT 

B.  PROORAMMeR  AND  REUY  CONTROL 
CENTER 

C.  CONTROL  DC  POWER  SUPPLY 

D.  INDICATOR  UNIT 


^  ELECTRONIC  C;OUNTER 

F.  VOLTAGE^ONTROL  UNIT 

G.  CONVERTER  VOLTAGE.TO.fRBQUENCY 

H.  AC  ELEaRONiC  GENERATOR 

I.  DC  AMPLIFIER  POWER  SUPPLY 

Figure  18.    T-170  t«t  set 
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front  panel  of  this  unit.  Circuits  from  this  unit 
connect  to  the  card  switch,  amplifiers,  dc  power 
supplies,  indicator  unit,  control  unit,  and  the  digi« . 
tal  instrumentation  system.  Wherever  possible, 
plug-in  relays  are  used  to  facilitate  testing  and 
maintenance.* 

6-10.  Card  switch.  This  switch  is  part  of  the 
programmer  and  relay  control  center  (item  M, 
fig.  18).  Test  cards  are  placed  in  the  card  switch 
manually.  When  fully  inserted,  the  card  trips  a 
solenoid  mechanism  which  activates  the  switdi. 
The  test  set  is  then  prograninled  to -make  the  test 
defined  by  the  test  card.  A  set  <rf'  test  cards, 
attached  to  the  test  lead,  is  required  to  check  out 
a  complete  conjtrol  panel!  A  set,  of  self -checking 
test  cara  is  mcluded  with  wch  T-170  ac  system 
test  set. 

^6-11.  Indicator  unit.  This  unit  Contains  on  its 
front  panel  the  indicates  lights 'associated  with 
the  circuits  through  the  control  panel  undergoing 
test  and  the  indicator  lights  to  show  the  parame- 
ter being  checked  on  the  digital  instrumentation 
(item  D,  fig.  18).  This  unit,  which  is  located 
in  the  top  center  of  the  upright  panel  also 
tains  two  awtiliary-indicating  meters. 

6-12.  Voltage  control  unit.  The  voltage  con- 
trol  unit  (item  F,  fig.  18),  which  is  located  on 
the  lower  center  upright  panel,  contains  the  volt- 
age control  units  and  the  switches  which  are  to 
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be  operated  after  a  test  card  has  been  inserted  in 
the  card  switch. 
•6-13.  Control,  dc  power  supply.  This  unit 
(item  C,  fig.  18),  which  is  located  near  the  top 
of  the  upper  left  console,  ^ntains  four  low-volt- 
age power  supplies.  One  power  supply  operates 
at  28  volts  and  is  used  principally  for  indicator 
lights  and  relays.  The  second  supply  is  operated 
at  a  fixed  28  volts  and  is  applied  to  the  panel 
as  required.^  The  third  power  supply  is  a  variable 
.source  of  0l35  volts  dc.  The  fourth  supply  pro- 
vides a  negative  8-volt  bias  for  use  in  the  tiihing 
tests.  The  operation  of  the  individual  power  sup- 
plies is  controlled  by  the  card  switch. 

6-14.  Recorder  unit.  The  recorder  unit  (item 
L,  fig.  f^)  is  a  direct-recording  oscillograph  pro- 
vided to  record  the  results  of  dynamic  tests  on 
frequency-and-load  controllers.  The  recorder  is 
mounted  on  a  pivoted  shelf  that  swings  out  of  the 
lower  right-hand  side  of  the  console  and  into  posi- 
tion. 

6-15.  Digital  instrumentation  system.  This 
system  cohsists  of  two  part^,  a  five-digit  electronic 
counter  (item  E,  fig.  18)  and  a  converter,  volt- 
age to  frequency,  item  G,  figure  1 8.  *This  system 
is  capable  of  measuring  dc  volts,  ac  volts,  fre- 
quency, and  time  intervals  over  a  wide  range. 
The  system  is  automatically  programmed  by  the 
test  card.    Frequency  and  time  measurements 
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Figure  19.    Block  diagram  T-170  ac  system  test  set. 
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arc  made  directly  on  the  counter.  .Voltages  to  be 
measured  are  jQrst  aj^ed  to  the  converter,  and 
the  resulting  frequency  is  read  by  the  counter, 
calibrated  in  volts.  Ac  voltages  are  rectified  to  , 
dc  before  being  converted  to  frequency. 

6-16.  Operation.  As  previously  mentioned, 
the  input  requirement  for  the  test  set  is  "for  115- 
volt,  60  Hz,  single-phase  power. with  a,  maximum 
loa^  of  25  amperes.  The  input  power  is  con- 
nected to  the  power  distribution  unit,  .and  the 
relationship  of  the  subassemblies  is  shown  in  the 
block  diagrajn  erf  figure  19.  ^  - 

6-17.  Ac  electronic  generator.  The  ac  elec- 
tronic generator  (sec  fig.  19)  supplies  a  variable- 
frequpncy  four-phase  and  two  fixed-frequency 
single-phase  sine  wave  voltages.  This  is  accom- 
plished by  the  use  of  two  osdllator  sections. 

6^18.  Fixed'frequency  section.  This,  section 
deliven  two  stable  frequencies  of  1600  Hz  a^d 
400  Hz.  A  tuning  fork  and  a  tribde  tube  are 
connected  to  form  an  oscillating  circuit  tljat  pro- 
duces a  precise  and  stable  1600-Hz  signal.  This 
signal  is  fed  into  a  squaring  ciroiit.  A^s'^a  result, 
the  signal  is  a  1600-Hz  square  wave  with  a 
peak-to-peak  amplitude  of  200  volts.  Froni  this 
point  the  signal  takes  two  paths.  One  path  takes 
the  signal  to  a  clamping  circuit.  This  produces  ^ 
signal  of  10- volt  peak-to-peak  amplitude  which 
is  stabilized '  against  variations.  The  clamped 
1600-Hz  square  wave  is  fed  to  a  resonant  circuit 
tuned  to  1600  Hz^  and  the  voltage  resulting  is  a 
1600  Hz  sine  wave.  This  voltage  level  is  con- 
trolled by  a  potentiometer. 

6-19.  ,The  second  path  .taken  by  the  voltage 
signal  is  to  a  frpquency-divider  circuit  that  pro- 
duces an  800-Hz  square  wave,  which  is  fed  in 
turn  to  a  second  frequency-divider  circuit  that 
deliven  a  400-^Hz  square  wave*  This  signal  is 
sent  through  a  clamping  circuit  that  produces  a 
400-Hz  square  wave  which  is  stabilized  against 
circuit  variations.  The  clamped  400-Hz  square 
wave  is  fed  to  a  resonant  circuit  tuned^to  40O 
Hz,  and. the  voltage  resulting  is  a  400-Hz  sine 
wave.  This  voltage  level  is  also  controlled*  by  a 
potentiometer.  ' 

6-20.  Variable-frequency  section.  This  section 
produces  frequencies  in  two  ranges,  375  to  420 
Hz  and  300  to'  500  Hz,  which  are  controlled  by. 
three  dials  on  the  front  panel.  Two  dials  are 
for  the  375-  to  420-Hz  range- and  ^one  for  t|ie 
300-  to  500-Hz  range.  Basically,  this  oscillator 
consists  of  five  plug-in  dc  operational-type'  ampli- 
fiers, suitably  arranged  with  resistor  and  capad^ 
tor  networks  to  form  an  oscillator.  In  order  to 
cause  this  resonant  circuit  to  oscillate,  a  positive 
(regenerative)  feedback  signal  is  required.  This 
.feedback  is  supplied  by  feeding  the  output  of  one 
amplifier  to  the  input  of  another.  .  With  the  re- 


generative  -jeedbacic ,  signal  coupled/  to  the  res- 
onant* drcuife,  the  amplitude  of  oscillation  rises 
to  SO^voks  rooj-mean-square  (nns). 

6-^21.'  In  order  to  control  and  regulate  the  am- 
plitude^ of  oscillation,  a  regulator  circuit  is  in- 
cluded in  the  oscillator  whicii  allows  the  ampO- 
tude  to  be  set  anywhere  in  the  rafage  of  from  9 
to  14  volts  by  ipallual  adjustment  of  a  potentiom- 
eter. This  maintains  the  amplitude  nearly  con- 
stant throughout  the  frequency'  range  of  the 
oscillator  by  comparing  it  to  a  dc  reference  volt- 
age. The  oscillator  voltage  is'  rectified  to  produce 
a  dc  reference  voltage. 

6-22.  Variation  of  the  oscillation  frequency  is 
achieved  by  simultaneously  varying  a  pair  of  re- 
sistors in  the  oscillator,  circuit. »  These  are  poten- 
tiometers attached,  to  the  frequency  dials.  The 
output  vbltages  which  deliver  four  voltage  signals 
of  equal  ^plitude  (one  is  single-phase  and  the 
others  form  into  three-phase  voltage  output)  are 
connected,  to  the  four  power  amplifiers, 

6-23.  Power  amplifiers.  Each  <rf,  the  *  four. 
pQwer  amplifien  (sec  fig..  19)  iS  divided  into  a' 
voltage-amplifying  ??ction  and  a;  i>ower-am- 
plifyiqg  section.  Each  section  is  supplied  by  a 
separate  power  supply.  Each  amplifier  has  its 
own  filament  power  supply,  A  100-cubic-foot- 
per- minute  cooling  fan  is  mounted  on  each  am-, 
plifier  chasis.  One  of  the  power  ampliQers  is 
Used  to  amplify  the  single-phase  output,  and  the 
other  three  form  and  amplify  the  threS-phase 
output  from  the  ac  generator.  These  oscillator 
output  voltages  ,afe  fed  to  the  voltage-amplifying 
section  through  k  resistor  network  which  deter- 
mines the  gain  of  <hc  signals.  The  voltages  are 
amplified  enough  to  drive  the  power-amplifying 
section. 

6-24.  The  power-amplifying  section  is  a  push- 
pull  configuration  using  two  power  triode  tubes. 
Eac^  tube  has  a  plate  power  dissipation  rating  of 
100  watts.  The  tubes  are  operated  with  bias 
that  is  produced  by  the  voltage  drop  across  each 
cathode  resistor.  The  electrolytic  bypass  capaci- 
tors in  parallel  with  each  cathode  resistor,  re- 
duces 'ac  degeneration.  Thus,  the  magnitude  of 
the  bias  for  the  power  triodes  is  such  that  the 
tubes  operate  at  nearly  class*  A  until  the  output 
pow.er  demand  rises  above  60  watts.  At  output- 
power  demands  above  60  watts,  the  operating 
point  moves  into  class  AB:  The  plate  power 
dissipation  under  no-load  is  90  watts  per  tube. 
Thus,  the  operation  under  these  conditions  al- 
lows the  amplifier  to  develop  100  ^VA  under 
reactive  load  without  exceeding  the  power  ratings 
of  the  tubes.  Th?  output"  impedance  of  each 
power  amplifier  is  one  ohm. 

6-25.  Amplifier  power  supply.  The  ppwer  for 
the  amplifier  units  is  supplied  by  -two  power 
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units  (sec  fig.  19).  One  unit  supplies  power 
for  the  preamplifier  stages,  and  the  other  power 
supply  provides  power  for  the  ^plifier  output 
stages.  Both  units  have  115-vcrits,  60-Hz  input 
and  a  filtered  dc  ou^t 

'  6-26.  Power'4istribution  unit.  This  unit  pro- 
vides the  means  of  distributing  the  input  power 
to  the  various  units  of  the  test  set  The  power 
supplied  to  the  output  dc  power  supply  for  the 
amirfifier-output  stages  is  fed  through  a  time- 
delay  drcuit^that  allows  the  filaments  to  become 
properly  heated  before  ^e  plate  power  is  applied 
to  the  amplifier-output  tubes.  Otherwise,  dam- 
.  age  to  these  tiibcs  might  result  Another  power 
source  coming  from  the  power  distribution  unit 
f)rovides  26-volts,  60-Hz' ac  for  the  start-test  in- 
dicator located  in  the  programmer  and  -  relay 
control  c^ter." 

6-27.  Programnier  and  relay  control  center, 
Thia  unit,*  as  shown  in  figure  19,  contains  relays 
and  traiisfoniiers  which  form  a  connecfing  point 
for  the  card  switch,  indicator  unit,  voltage-control 
unita^and  power  supply. 

6-28.  Card  switch.  This  switch  is  an  electro- 
mechanical device  includipg  186  sets  of  contacts, 
used  tp  select  thb  circuits  of  the  test  set  to  be  used 
in  a  partiQular  test  Individual  sets  of  contacts 
arc  'openc4  1^  means  of  a- punched  card  placed 
in.  the  switch.  The 'sets  of' contacts  2^  opened 
when  a  hole  is  presept  in  the  c^d  and  me  switch 
mechanism  is  operated.  The  switch  mechanism 
isv  activated  "by  a  solenoid"  that  is,  located  at  the 
rear  of  the  card  slot.  Placmg  "the  punched  card  , 
ftiUy  itf  the  slot  automatically  operates  the  card 
switch.  Thus,  the  qrciiits  that;artf  not'neecjjpi  in 
a  particular  test  are  made  inoperative  ^  by  the 
test  cardj.  *     .      .  - 

6-29.  Indicator  unit.  This,  unit  includes  a  set 
of  six  numbered  indicator  lamps  that  indicate  the 
circilit  of  the  panel  under  test  A  dc  voltmeter 
and  dc  ammeter  are  also  provided,  pie  volt- 
meter may  be  uscci  as  an  ohnmieter  to  test  di- 
odes or  perform  continuity  and  resistance  meas- 
uremcnts.> 

6-30.  Voltage^ontrol  unit.  This  unit  contains 
most  of  the  operating  controls  needed  during  test 
procedures.  Two  voltage  controls  are  provided. 
One  is  a  stnglc-phase  variable  transformer  which 
is  used  to  control  the  dc  voltage  level  .on  the  ac 
bias  voltage  level.  The  ether,  a  three-phase  vari- 
able transformer,  is  ujed  to  control  the  three- 
phase,  ac  voltage.  The  unit  also  contaiqs  a 
PHASE^ELECTpR'  switch  that  permits  mooi- 
toring  each  of  the  three  phases  of  the  ac  voltage 
individually.  Additional  switches  *  are  provided 
to  control  the  panel  under  test  The  trip  switch 
wad  reset  switch  apply  dc  voltage  to  the  trip  and 


reset  coils  of  the  generator  control  relay.  Th?  set 
test  switch,  in  the  SET  position,  arranges -circuits 
that  permit  the  presetting  of  various  •  voltage 
conditions  which  are  then  applied  to  the  control 
panel  when  the  switch  is  placed  in  the  TEST 
position-" 

6-31.  Control  dc  power  supplies.  This  unit 
contains  four  separate  dc  supplies  used  for  control 
purposes.  One  provides  biasmg  for  the  timing 
-ckcuits.  This  sypply  operates  from  a  '60-Hz  ac 
soiirce.  Another  is  used  to  operate  indicator 
lamps  and  relays.  A  third  is  used  to  supply  con- 
trol power  to  the  panel  under  test  The  last  one 
is  a  variable  dc  supply  which  may  be  operated 
from  0  either  a  regulated  60-1^  or  400-Hz  input 
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This  supplies  variable  control  power  to  the  panel 
under  test.*        .     "  * 

6-3i  Recorder  unit.  This  direct-recording* 
oscillograph  is  equipped  with  two  active  galva- 
nometers and  two  static  traces  used  as  reference 
lines.  One  channel  may  be  used  to  display  the 
*  output  of  the  frequency- and-load  controller  to  the 
magnetic  governor  trim  coil,  and  the  second  chan- 
nel may  be  used  for  timing  to  show  the  applica- 
tion of  step  changes  during  transient  tests. 

6-33.  The  T-170  tester  is  used  in  testing  the 
frequency-and-load  controller  unit.  The  prelimi-' 
nary  settings  of  all  the  controls  should  be  at  their 
initial  positions.  In  testing  the  load-division  cir- 
cuit, the  applicable  punchcards  are  inserted  in 
the  punchcard  receptacle.  A  typical  test  punch- 
card  is  shown  in  figure  20.  Other  circuits  in  this 
unit  that  may  bd  tested  are: 

•  Frequency-contrbl  circuit. 

•  Output  linearity  and  gain  of  the  frequency- 
control  circuit.  •  / 

•  Load-division  null  potentiometer  adjustment 
.  and  gain  potentiometer  setting. 

•  Synchronizing  relay  test. 

6-]|4.  This  concludes  the  discussion  on^  the. 
T-170  test  set.  Both  the  T-35  and  the  T-170 
test  sets  are  designed  to  test  various  ac  power- 
control  system  components.  From  our  discussion 
of  these  testers,  you  can  see  that  they  provide 
the  various  operating  conditions  found  on  the 
aircraft,  but  they  do  not  provide  a  means  of 
testing  thfc  constant-speed  drive  (CSD)  on  the 
generator. 

6-  35.  The  next  tester  that  we  consider,  the 
MC-2  test  stand  is  designed  to  Test  both  the 
CSD  and  the  generator.  The  MC-2  test  stand 
also  i5rovides  another  means  of  testing  system 
components. 

7.  The  MC-2  Test  Stortd 

7-  1.  The  MC-2  test  stand,  shown  in  figure 
2K  IS  designed  for  field-testingo  constant^speed 
transmissions,  their  400-Hz  ac  jcomponents,  and 
certain  ac  generators.  The  test  stand  uses  power 
from  a  three-phase  lind  operating  at  a  voltage  of 
either-  220  or  440  volts  line-to-line  at  a  frequency 
pf  60  Hz.  Th.e  power  unit  is  provided  with  dual 
heads  or  power  take  off  shafts,  the  speeds  of 

'  which  are  proportipnal  to  each  other  through  the 
speed  ranges,  fbe  low-speed  head  may  be  varied 
from  2000  to  7500  rpm.  and  the  high-speed  head 
may  be  varied  from  2400  to  9150  rpm.  , 
.  7-2.  Components.  This  test  stand  Consists  of 
a  shield,  skid-type  base,  control' console,  variable- 
speed  main  prime  mover,  auxiliary  variable- 
speed  start  prime  mover,  and  instrumentation  and 
controls. 


7-3.  Start  prime  mover.  The  auxUiary  vari- 
able-speed prime  mover  has  a  5-hp  continuous 
rating  and  provides  suitable  means  for  slow  starts 
of  the  main  variable-speed  prime  mover.  A  mag- 
netic clutch  provides  for  automatically  disengag- 
ing the  start  prime  mover  frpm  the  main  prime 
mover  when  the  latter  is  energized.  Acceleration 
of  the  start  prime  mover  is  at  a  fixed  rate  of 
approximately  125  rpm  per  second^  and  suitable 
controls  for  starting  and  stopping  arid  for  in- 
creasing (item  G.  fig.  21)  and  decreasing  (item 
F,  fig.  21)  the  speeds  are  provided  on  the  speed 
control  panel.  Th^  ?pced  range  of  the  start  prime 
mover  is  from  145  to  975  rpm,  measured  at  the 
output  shaft  of  the  low-speed  head,  and  from 
175  to  1190  rpm  on  the  high-speed  head.  The 
speed  of  both  heads  (HIGH  A,  figure  21  and 
LOW  B,  figure  21)   »>  indicated  on  the  speed 
control  panel.  A  1/1 5-hp  control  motor  provides 
remote  speed  control  for  the  start  prime  mover. 

7-4.  Main  prime  mover.    Tne  main  prime 
mover  assembly  has  a  75-hp  continuous  rating 
and  is  used  foiCpioWering  constant-speed  trans- 
missioris  during  t^stin\^^Acsci-^rat^  of  the  main 
prime  mover  is  At  a  fixed  rate  of  approximately 
800  rpm  per  second,  and  the  controls  for  starting 
arid  stopping  and  for  increasing  (item  D,  fig.^21) 
and  decreasing  (itcnv  E.  fig.  2,1)  speed  are 
also*  located  on  the^?5p^d  control  panel  (see  fig. 
21).  A  1-hp-gearcd  head  motor  with  an  output 
speed  of  350  rpm  is  mounted  to  the  frame  of  the 
prime  mover  assembly  and  is  connected  to  the 
control  shaft  of  the  main  transmission.  A  mag- 
netic brake  is  connected  to  a*l-hp  control  motor. 
This  brake  stops  the  control  motor  the  instant 
either  the  INCREASE  m  DECREASE  button 
(items  D  and  E  of  fig.  21)  for  the  main  prime 
mover  is  released.'  When  either  of  these  buttons 
is  pressed,  the  magnetic  brake  releases. 

7-5.  Limit  switches.  Both  the  5-hp  start  prime 
mover  and  the,  75-hp  main  pVime  mover  are 
equipped  with  limit-switch  assemblies  to  control 
their  high-speed  and  low-speed  limits  through 
their  respective  control  motors.    The  hi?[h-li 
switch  on  the  5-hp  p'rime  movcr^ 
the  circuit  to  the  l*/r5%]rcontrol  motor  when  the 
output  speed  has  reached  a  pteset  maximum.  The^ 
low-limit  switch  is  set  to  break  the  circuit  to 
the  1-hp  control  motor  when  the  maximum  or 
maximufn  speed  has  been  reached  on-thacunit 
7-6.  Hydraulic  circuit.  An  oil  reservoir  with  a 
capacity  ofapproximately  12  gallons  is  located'be- 
hind  the  hy,draulic  access  door.  This  charge  oil 
reservoir  is  equipped  with  a  sight  gage  of  level 
indicator  (item  C  fig.  21),  which  is  visible  on 
the  hydraulic  panel.    A  second  reservoir  for 
preservative  oil  is  located  behind  the  first  reser- 
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voir,  and  is  equipped  with  a  sight  gage*(item  B, 
fig.  22),  which  is  visible  at  the  drive  mounting 
end  of  the  test  stand  (fig.  22).  As  various  trans- 
missions require  different  oiUin  temperatures,  an 
electric  heater,  controlled  through  a  "Mercoid'* 
switch  temperature  controller,  is  located  in  the 
hydraulic  xircuit  between  the  pil  cooler  and  the 
reservoir.  The  temperature  controller  range  is 
from  30"^  to  120''  C.  Another  temperature  con- 
troller (item  A,  fig.  22),  mounted  on  the  center 
dividing  panel  behind  the  hydraulic  control  panel, 
causes  the  test  stand  to  shut  •'down  if  the  oil  in 
the  reservoir  becomes  too  hot.  Oil  in  the  hy- 
draulic circuit  travels  from  the  oil  reservoir 
through  the  flow  indicator  oil  input  valve  and 
charge  oil  filter  to  the  dual  quick  disconnects 
marked  OIL  FROM  RESERVOIR  (item  C,  fig. 
^22)  After  passing  through  the  transmission,  oil 
travels  from  the  dual  quick  disconnect  marked 
OIL  RETURN  (item  D,  fig.  22),  through  the 
scavenge  oil  filter,  oil-out  valve,  oil  cooler,  oil^ 
heater,  and  flow  indicator/ back  to  the  reservoir. 
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7-7.  Control  console.  All  the  components  of 
{he  test  stands  are  accessible  fpr  maintenance  and 
adjustment  through  the  doors  and  the  removable 
panels.  The  controls  and  instrumentation  on  the 
pontrol  consple  are  arranged  on  two  doors  and 
one  panel,  as  shown  previously  in  figure  21.  They 
are  a  400«Hz  ac  control  door,  60-Hz  ac  and 
speed  control  door,  and  hydraulic  panel.  A 
chronotachometer  containing  two  rpm  indicators, 
two  revolution  counters,  and  a  minute  counter 
is  located  on  the  60-Hz  ac  and  speed  control 
door. 

7-8.  Adapter  kits.  Before  using  the  field  test 
stand  for  testing  an  aircraft  system,  the  proper 
adapter  kit  ipust  be  installed.  There  is  a  different 
adaptet-kit  for  each  system.  You  find  instruc- 
tions for  installing  the  various  adapter  kits,  as 
well  as  for  mounting  transmissions  and  ac  gen- 
erators, in  the  applicable  technical  order.  All 
wiring  harnesses  and  other  components  necessary 
for  adapting  the  test  stand  to  an  aircraft  system 
are  included  in  each  kit. 
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two  synchronizing"  lights  (item  H.  fig.  21)  will 
come  on  with  a  bright  steady  light,  and  ,thc  top 
synchronizing' light  will  not  light.  If  all  the  syn- 
chronizing lights  begin  flashing  on  and  off  in 
rotation/it  indicates  thaf^hc  ac  generator  is  ex- 
dited  but  not  on  the  bus.  Pressing  the  MANUAL 
C-B  CLOSE  button  will  place  the  ac  generator  on  ♦ 
the  bus.  A  load  bank  xorinected  to  the  bus  will 
check  the  ac  generator  under  load,'  Normally,  a 
load  bank  is  not  provided  with  the  field  lest 
.stand  or  with  the  adapter  kits. 

7-  11/ An  A~l  load  bank  is  used  with  the  ^ 
MC~2  test  stand.  The  load  bank  provides  all  of  s 
the  necessary  loads  to  test  ac  generators.  At  this 
point  we  will. discuss  the  A-1  load  bank. 

8.  The  .A-1  Load  Bank  Tester 

8-  1.  This  tester  is  primarily  designed  to  pro-  , 
vide  *a  means  for  load  testing  aircraft  type  four 


7-9.  Operdtion*  Always  refer  to  the  applicable 
technical  order  for  opcratingMnstructiohs.  When 
the  5-hp  unit  "start"  prime  mover  produces  mso^i- 
mum  acceleration,  then  the'75-hp  unit  "run" 
prime  mover  may  be  engaged.  There  will  be  an 
immediate  speed  increase  to  approximately  2000 
rpm  on  the  low-speed  rpm  indicator  (item  B,  fig. 
2 1 )  on  the  chronotachometer.  and  to  2440  rpm 
on  the  high-speed  head,  as  shown  by  the  high- 
speed rpm  indicator  (item  A.  fig,  21).'  The  75- 
hp  INCREASE  button  (item  D,  fig.  21)  may 
then  be  used  to  bring  the  sfceid  of  the  prime » 
mover  to  the  desired  rpni.  / 

7-lOi  When  the  prime  mover  speed  has 
reached  the  minimum  rpm  heccssaty  for  'the  sys- 
tem being  tested,  the  ac'  generator  may  be  ex- 
cited. Exciting  the  ac  generator  -automatically 
xdaces  the  ac  generator  on  the  bus  for  some  ap- 
T)lications,  When  this  is  thaxase,  the  LOWER 


wire  ao  generators  with  a  120/208  .volt,  three-' 
phase,  400  Hz  rating.  The  load  bank  is  fully 
equipped  to  apply  eitl\pr  resistive  loads  up  to  60 
kw  or  reactive  loads  up  to  40  KVAR,  as  required 
by  the  test  specifications  of  the  manufacturer. 
The  complete-  a")5sembly  consists  primarily  oi  an 
all-steel  housing  into  which  arc  assembled  all  com- 
ponents required  by  the  load  bank  assembly  for 
carrying  out  required  tests.  Instrumentation,  con- 
nection, and  controls  aje  conveniently  grouped  on 
a  common  instrument  panel  within'  easy  reach 
when  you  are  standing^  in  a  normal  position  in 
front  of  the  unit.  The  entire  unit  has  been  de- 
signed to  fit  on  the  bed  of  a  type  K-1  trailer. 

8-2.  ClKuit  The  tested  consists  of  a  number 
pf  electrical  components  whose  functions  are  di- 
rectly related  and  closely  coordinated.,  The  en- 
tire electrical  supply  is  from  the  ac  generator 
under  test,  and  no  ^external  source  of  power  is 
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required.  We  will  discuss  the  circuit  as  a  series 
of  subcircuits  for  the  sake  of  clarity.  In  the 
following"  paragraphs,  refer  to  figure  23  for  refer- 
ence to  items. 

»-3.  Reactive  Load,  The  loading^  circuit  is 
based  on  three-phase  operation,  with  each  phase 
individually  loaded.  Since  the  normal  operational 
load  of  the  test  component  probably  never  will 
be  purely  resistive,  means  are  provided  to  apply 
a  total  reactive  load  Mp  to  40  KVAR,  The  load 
is  variable  to  J  3.3  KVAR  in  each  of  the  three 
legs.  When  the  four  leads>  from  an  ac  generator 
are  connected  to  the  terminal  points  Tl,  T2,  T3, 
and'N  (item  A),  the  power  is  applied  to  a  re- 
active load'  composed  of  three  coils  (saturable 
reactors).  Each  phase  is  loaded  independently 
from  the  front  panel  by  means  of  three  rheostats 
(item  B)  which  shunt  the  reactors  and  conUol  the 
reactors.  Three  variable  wire-wound  resistors  are 
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A.  Tl.  T2,  T3  AND  N  TERMINAL  fOSTS 
I  HEACTOR  LOAD^ONTROl  RHEOSTATS 
C.  AMMETER  HANGE  SELECTOH  SWITCH 

0.  WAnMerw  range  selector 

SWITCH 


E  RESISTIVE  LOAD  CONTROL  RHEOSTAT  H.  WATTMETER 

'RESISTIVE  LOAD  CONTROL  RHEOSTATS         I.  AMMETER 
o!  POWER  FACTOR  METER  i.  VOLTMETER 


Figure  23. 
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A-t  load  b«nk. 
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preset  at  the  factory  and  are  locked  in  place.  ' 
fhey  provide  a  means  for  making  calibration 
adjustments  in  the  circuit.  To  ixisure%at  there 
will  be  no  current  flow  in  the  circuit  under  no- 
load  conditions,  the  lines  from  the  load  coils  are 
opened  by  means  of  switches  which  deenergize 
their  relays.  The  three  switches  are  actuatcfd  by 
the  loading  controls.  When  pure  reactive  loads 
arc  desirable,  all  of  the  resistive  loading  switches 
must  be  in  the  OFF  position.  On  the  other  hand, 
to  obtain  a  pure  resistive  load,  the  reactive  load- 
ing controls  must  be  in  the  OFF  position. 

8-4.  Resistive  Loai  The  three  phases  of  the 
ac  generator  may  be  worked  into  "a  purely  re- 
sistive load.  The  load  is  variable  up  to  60  kw 
with  20 'kw  in  each  phase.^  The  toading  of  each^ 
phase  is  completely  independent  of  the  other  two 
phases.  The  load  for  each  phase  consists  of  a 
parallel  network  of  resistors  which  is  identical  to* 
the  network  for  the  other  two  phases.  The  net- 
works are  physically  mounted  on  two  resistor 
banks,  but  electrically  they  appear  as  the  resistivo 
loads.  Each  network  consists  of  eight  resistive 
steps  connected  in  parallel  across  thfe  line  and 
neutral  busses  and  put  into  the  circuit  by  the 
appropriate  snap-action  loading  switch  for  its  re- 
spective spDp.  The  eight  resistive  loading  switches 
(item  F)  of  each  leg  are  identical  to  the  load* 
switch,  a  single-pole,   single-throw  switch.  A 
rheostat  resistive  load  control  ^item  E)  in  series 
with  a  resistor  section,  permits  a  variable  0-.4 
kw  load  to  be  placed  on  the  ac  generator  by 
the  0-.4  kw  load  switch.  A  resistor  section  and 
its  switch  permit  a  fixed  0.-4  kw  load  on  the  ac 
generator.  Each  of  the  resistor  sections  places  a 
0.8  kw  load  on  the  test  unit  when  its  respective 
switch  is  closed.  Similarly,  four  switches  add'  ad- 
ditional load  increments  of  1.6  kw,  3.2  kw,  and 
6.4  kw  when  closed,  by  placing  resjstor  sections 
respectively  in  the  load  cirdiit.  The  other  two 
load  networks  are  identical  "and  pennit  independ- 
ent loading  of  each  phase  from  Q  to  20  kw,  and 
also  pcxmit  a  balanced  three-phase  load  from 
Oto*60kw.  '  *    .  t:?b 

8-5.  Ammeter  Cin:iiil.  The  ammeter  circuit 
provides  you  with  a  means  for  measuring  the  cur- 
rent flow  in  each  of  three  phases  and  consists 
primarily  of  the  ammeter  (item  I),  the  three- 
section  range  selector  switch  (item  C),  the 
PHASE  SELECTOR  switch,  and  three  current 
transformers. 

8-6.  The  ammeter  is  normally  shorted  out  of 
the  circuit  until  the  range  selector  switch  has  been 
moved  to  the  maximum  range  position;  there  the 
switch  is  closed,  energizing  the  two-section  ^relay, 
which  opens  the  short  across  the  ammeter  and 
also  closes  a  holding  contact  that  keeps  the  sole- 
-  noid  energized  after  the  range  switch  is  moved 


to  the  lower  ranges.  The  range  selector  switch 
,is  a  three-pole,  five-position,  heavy-duty,  rotary- 
type  industrial  switch  which  varies  the  j^imary' 
winding  oi  the  three  current  transformers.  The 
secondary  windjngs  of  the  current  transformers 
are  applied  to  the  PHASE  SEIsECTOR  switch 
which  controls  the  phase  input  to  the  ammeter. 

8-7.  Wattmeter  Circuit  The  wattmeter  circuit , 
provides  a  means  for  measuring  the  power  pro- 
duced by  the.ac  generator.  The- circuit  consists* 
of  three  current  transformers,  a  . wattmeter  range 
selector  switch,  (item  D),  a  wattmeter  (item  H), 
a  WATT-VARS  switch,  a  phase  shift  transformer.  ' 
and  .a  resistance  box.  The  current  coils  of  the 
'  wattmeter  ar&  normally  shorted  out  of  "the  circuit 
until  the  selector  switch  has  been  moved  to  the 
HIGH-^ANGE  position.  In  this  position  the 
switch  is  closed,  energizing  the  four-section  sole- 
noid which  opens  the  three  shorting  lines  across 
the  current  section  of  the  wattmeter.  The  con- 
tacts of  the  fourth  set  are  used  as  holding  con- 
tacts to  keep  the  solenoid  energized  after  the 
selector  switch  has  been  moved  a  lower  range. 
When  you  press  the  WATT-VARS  selector  switch 
to  the  VARS  position,  the  phase-shift  transformer 
will  be  placed  in  the  voltage  leads  to  the  watt-^ 
meter  so  that  the  reading  of  the  meter  is  reactive" 
volt-amperes  rather  than  watts. 

8-8.  Voltmeter  Circuit.  A  voltmeter  circuit  is 
provided  so  that  the  line-to-line  and  the  phase 
voltages  can  be  measured.  It  consists  of  a  volt- 
meter (item  J),  a  selector  switch,  and  a  multi- 
plier. The  selector  switch  is  a  three-pole,  six- 
position  rotary-type,  which  connects  th^voltmeter 
across  the  potential  to  be  measured.  In  measur- 
ing the  line-to-line  potentialj^  the  switch  puts  the 
multiplier  in  seri^  with  the  meter,  while  in 
measuring  the  phase  voltage,  it  shorts  the  multi- 
plier out  of  the  circuit.  This  provides  automatic 
range  selection  in  the  shiftirtg  from  phase  voltage 
measurements  to  line-to-line  voltage  measure- 
ments. 

-  8-9.  Power  Factor  Meter  Circuit.  The  power 
factor  meter  circuit  provides  you  with  a  means 
for  measuring  the  amount  of  phase  shift  between 
the  line  voltage  and  the  line  current.  The  circuit 
consists  of  the  power  factor  meter  (item  G),  and 
voltage-dropping  resistor  box.  The  input  to  the 
meter  is  the  line-to-line  voltage  and  the  current 
flow  jn  one  leg  of  the  input  of  the  ac  generator 
to  the  test  unit;  therefore,  its  readings  are  ac- 
curate only  with  a  balanced  load. 

8-10.  Ventilating  Fan  Circuit.  Fans  are  pro- 
vided to  prevent  overheating  of  the  load  bank 
components  during  tests.  The  circuit  cpnsist  of 
the  pooling  fans,  a  manual  thermostat  switch,  two 
condensers,  and  the  thermostats.  The  thermo- 
stats are  normally  open,  maintaining  an  open 
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supply  circuit  to  the  fans.  When  the  temperature 
within  the  cabinet  has  reached  32.2*^  C.  (90°  F.), 
the  thermostats  close,  and  the  direct  cunent  po- 
tential from  a  dry  disc  rectifier  is  placed  across 
the  fans.  The  thermostat  switch  permits  you  to 
short  out  the  thermostats  when  the  cabinet  tem- 
perature fluctuates  rapidly  around  the  set  point  of 
the  thermostats  and  results  in  erratic  and  intermit- 
tent operation  of  the  fans.  The  fans  operate 
continuously  when  this  switch  is  closed.  The 
capacitors  suppress  arcing  at  the  thermostat  con- 
tact points.      '  ^ . 

8-11.  Control  Supply  Circuit.  The  dry  disc, 
rectifier  supplies  the  dc  power  needed  to,  operate 
the  control  circuit.  This  circuit  provides  both  the 
power  used  in  varying  the  reactive  load  on  the  ac 
generator  and  the  power  for  the  various  relays. 
Each  of  the  saturable  reactors  used  to  load  the 
ac  generator  consist  of  a  loading  coil  and  a  x:on- 
trol  coil,  closely  coupled  by  a  core  clement.  The 
flow  of  dc  current  through  the* control  coil  will 
vary  the  test  load  being  applied  to  the  ac  gene- 
rator. The  use  of  i  rheostat  in  series  with  the 
control  coil  permit  you  to  vary  at  will  the 
reactance  in  any  leg  of  the  load  bank.  The  hold- 
ing leg  of  the  load  coils  are  energized  by  toggle 
switches  so  mounted  on  the  rheostat  that  in  the 
OFF  position  the  respective  relays  are  deener- 
gized  and  the  contacts  open  the  leading  coil  cir- 
cuits. 

8-  12.  Connections.  The  instrument  panel  is 
equipped  with  eight  terminal  posts  to  permit  you 
to  make  connections  with  the  ac  generator  to  be 
tested  artd  to  permit  the  connection  of  an  ex- 
ter;uil  lead  when  necessary.  The  connections 
from*  the'ac  generator  are  to  the  input  terminal 
posts  Tl,  T2,  T3,  and  N.  Since  the  ac  generator 
is  a  **Y"  or  star  type,  the  N  post  is.  the  neutral 
or  grbund  wire  and  is  grounded  to  the  cabinet 
assembly  ground  connection  within  the  load  bank. 
The  external  load  t'erminal  posts  1,  2,  3,  and  N 
permit  you  to  connect  an  external  lead  to  the 
ac  generator  while  using  the  load  bank  instru- 
ments for  measuring  the  performance  of  the  ac 
generator  and  the  load  applied.  Always  refcf  to 
the  applicable  technical  order  for  operation  in- 
structions. Never  attempt  to  make  connections  to 
an  ac  generator  or  to  a  load  bank  terminal  while 
the  ac  generator  is  in  operation.  Never  touch 
any  terminal  posts  with  the  ac  generator  in  opera- 
tion. 

9«  1-1 A  Inverter  Test  Stand 

9-  1.  Up  to  this  point  we  have  been  talking 
about  equipment  that  is  used  to  test  aircraft  gen- 
erator systems.  The  next  tester  to  be  examined 
is  the  L-IA  inverter  test  stand.  In  the  present 
day  Air  Force,  the  inverter  has  been  taking  a 


backseat  to  the  ac  generator  in  the  production 
of  ac  power.  The  responsibility  delated  to  the 
inverter  is  now  one  of  ^emergency  ac  power  pro- 
duction. This  means,  that  when  needed,  it  ^is 
necessary  for  the  inverter  to  work  properly.  Ir- 
regular working  conditions  such  as  these  make  , 
the  testing  of  the  inverter  a  very  important  phase 
of  maintaining  the  system.  The  tester  should 
indicate  the  weak  areas  in  the  inverter,  plus, 
determine  malfunctions  when  the  component  is 
inoperative.  Testing  of  the  inverter  before  and 
after  repair  minimizes  component  failure  after  the 
^  item  has  been  installed  on  the  aircraft. 

9-2.  You  use  the  L-IA  inverter  test  stand  to  ^ 
^test  inverters  up  to  a  maximum  output  of  2500 
volt-amperes  at  a  unit  power  factor.  You  accom- 
plish this  testing  by  measuring  the  input  voltage 
and  current  and  the  outpjjt  voltage,  current,  and 
frequency  of  the  inverter  under  test. 

9-3.  Description.  The  L-IA  is  a  compact 
tester  which  requires  a  5-KW  voltage  source  of 
dc  power  to  test  all  inverters  up  to,  and  including 
those  with  a  2500  volt-ampere  output.  The 
tester  consists  of  a  panel  assembly  mounted  on 
the  front  of  the  cabinet  assembly,  a  4oad  bank 
mountec^in  the  rear  of  the  cabinet  assembly,  and 
storage  compartment  for  the  cable  set  assemblies. 
Meters' and  control  switches  are  mounted  on  the 
panel  assembly  for  checking  the  dc  input  voltage 
and  current  and  the  ac  output  voltage,  current, 
and  frequency. 

9-4.  Operation.  The  tester  is  designed  so  that 
any  inverter,  either  single-phase  or  three-phase 
delta  output  may  be  connected  by  means  of  a 
suitable  cable  set'  There  is  a  **live  circuit"  which 
supplies  current  to^the  filament  heaters  of  tubes 
used  in'the  control  circuits  of  some  inverters.  This 
circuit  provides' a  means  of  automatically  apply- 
^  ing  power  to  the  tube  heaters  before  the  dc 
powfcr  switch  is  turned  ON.  Thus,  the  inverter 
is  protected  at  all  times. 

9-5.  You  should  check  the  test  stand  to  insure 
that  all  switches  are  in  the  OFF  position.  Select 
the*  proper  cable  set  and  connect  the  inverter  to 
the  tester.  With  the  dc  ammeter  range  switch 
in  the  START  position  and  the  dc  power  switch 
ON,  the  inver^fer  should  run.  The  dc  ammeter 
range  switch  can  then  be  rotated  to  the  desired 
range  and  the  voltage  and  current  draw  of  the 
inverter  will  be  indicated  on  the  dc  meters.  Con- 
duct 'all  tests  while  making  constant  reference  to 
,the  technical  order  on  the  specific,  inverter  being 
tested.  Position  both  the  dc  ammeter  range,  switch 
and  the  ac  ammeter  tange  switch  to  a  range 
higher  than  encountered  by  normal  current  flow 
before  ap{ilying  a  load  to  the  inverter.  The  load 
switch  is.tlwn  positioned  to  either  the  ONE- 
PHASE  or  THREE-PHASE  position.  You  ap- 
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ply  a  load  to  the  inverter  by  rotating  the  load 
control  knob  in  a  clockwise  direction.  To  obtain 
voltage  .and  current  readings  on  a  single-phase  in- 
Verier,  place  the  volts/amps  switch  in  the  N  posi- 
tion. You  obtain  the  output  phase  readings  for 
a  three-phase  inverter  by  placing  the  switch  in 
either  the  "A'\  "B",  or  "C"  position. 
•  9-6.  The  output  voltage,  current,  and  fre- 
quency must  be  within  limits  under  varying  loads 
as  prescribed  in^the  technical  order.  When  you 
complete  the  test,  return  all  switches  to  the  OFF 
position  and  disconnect'  the  inverter  from  the 
tester. 


10»  Component  Testing 

10-1.  In  this  chapter  we  have  discussed  the 
various  Items  of»  test  equipment  available  to  the 
electrician  for  testing  ac  power  system  compo- 
nents. This  discussion  did  not  include  detailed 
operation  of  the  test  ,equipment,  nor  will  ojur  dis- 
•cuSsion  in  Chapter  3  of  component  testing  in- 
clude the  detailed  procedures  for  performing  each 
test.  Rather,  it  will  deal  with  the  general  require- 
ments for  component  testing.  ^ 
\  10-?.  The  biggest  single  factor  to  consider 
when  a  system  malfunction  is  reported  is  com- 
ponent operation.  In  most  cases,  when  a  compo- 
nent is  suspected  of  malfunction,  it  must  be  re- 
,  moved  from  the  aircraft  and  sent  to  the  shop  for 
testing.  You  may  do  the  testing  yourself,  or  the 
shop  may  have  a  designated  individual  to  per- 
form the  required  tests.  In  either  case,  you  should 
be  aware  of  the  test  requirements.  At  this  point, 
let  us  discuss  these  requirements. 

10-3.  Test  Requirements^  Stated  simply,  the 
requirements  for  testing  a  component  are  de- 
termined by  the  function  or  functions  that  it  must 


perform  when  installed  in  a  complete  system.  In 
other  \^ords,  if  a  component  such  as  a  generator 
is  required  to  provide  a  given  output  under  vari- 
ous speed  and  load  conditions,  this  then  deter- 
mines the  test  requirements  for  that  generator. 
The  basic  rating  of  the"  generator  determines  how 
much  load  and  at  what  speed  the  generator  will 
carry  it.  However,  the  technical  order  for  the 
generator  being  tested  specifies  the  specific  re- 
quir^et^ents  with  respect  to  the  speed  and  load 
cojiditions,  the  type  of  test  stand  that  should  be 
used,  and  the  cooling  requirements  while  the  gen- 
erator is  under  test.  You  find,  and  may  use, 
suggested  test  data  sheets  in  the  technical  order 
for  recording  the  tests.  You  may  also  use  similar 
data  sheets  provided .  data  can  be  recorded  as 
specified  in  the  tests.  Under  no  condition  should 
you  perforrti  a  functional  test  on  a  system  com- 
ponent without  referring  to  the  applicable  tech- 
nical order. 

10-4.  Testing*  Selection  on  your  part  of  the 
proper  test  equipment  is  a  must  for  the  testing 
of  aircraft  ac  power  system  components.  The 
testing  procedure  is  an  exacting  ptoce^  and  must 
duplicate  the  exact  operating  characlbcistics  to 
be  found  on  the  aircraft. 

10-5.  A  complete  functional  test  is  required 
any  time  a  unit  has  been  overhauled,  suspected 
of  malfunction,  or  before  and  after  repair.  If  for 
any  reason  you  stop  a  functional  test  before  it  is 
completed,  you  must  repeat  the  full  sequence. 

10-6.  An  important  part  of  testing  is  the  minor 
adjustment  (jf  the  various  components  during  the 
test.  If  for  any  reason  timing  functions  arc  not 
correct,  or  voltage  reads  high  or  low,  take  im- 
mediate steps  to  correct  these  conditions  before 
going  on  with  the  test. 
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DC 


IN  THIS  CHAPTER  we  will  discuss  dc  gen»- 
eralor  systems.  The  information,  you  learn 
from  this  chapter  will  be  of  great  value  to  you 
when  performing  everyday  duties  as  an  electri- 
cian. You  should  always  refer  to  the  proper  tech- 
nical order  for  a  particular  generator  system. 
However,  this  discussion  will  provide  you  with 
the  background  knowledge  required  to  trouble- 
shoot,  test  and  maintain  any  generator  system. 
A  typical  generator  system  will^consist  of  a  gen- 
erator, voltage  regulator,  overvoltage  relay,  field 
control  relay,  and  reverse  current  relay.  These 
are  the  components  we  wil^  discuss  at  this  time* 

1 1  •  DC  Generator 

,  11-1.  The  operation  of  most  electrically  oper- 
ated equipment  in  an  aircraft  depends  upon 
energy  supplied  by  a  generator.  A  generator  is 
a  machine  that  converts  mechanical  energy  into 
electrical  energy  by  electromagnetic  induction.  In 
aircraft  using  dc  electrical  systems,  you  will  find 
one  or  more  dc  generators  supplying  this  power. 
Before  we  get  too  far,  let's  start  with  a  quick 
review  of  the  operating  principles  of  a  generator. 

11-2.  Simple  Generator.  You  should  remem- 
ber from  Tech  School  and  the  review  in  Volume 
I  that  when  there,  is  relative  motion  between  a 
conductor  and  a  magnetic  field  there^is  a  voltage 
induced  in  the  conductor.  With  this  in  mind,  we 
■'will  look  at  a  simple  generator. 

11-3.  The  simplest  geijcrator  field  is  built  like 
the  dr,awing  in  figure  24.  Two  electromagnets  are 
mounted  in  a  circular  iron  frame  called  a  yoke. 
fThese  electromagnets  are  wound  so  as  to  produce 
opposite  polarity.  Notice  how  the  magnetic  cir- 
cuit is  entirely  in  iron  except  at  the  center,  be- 
tween the  poles.  This  area  between  the  pole 
pieces  is  the  only  part  of  the  field  outside  the 
iron. 

11-4.  The  yoke,  its  pole  piece;?,  windings,  and 
the  field  produced  are  the  primary  circuit.  The 
secondary  circuit  is  a  coil  wound  on  an  iron  core. 
The  coil  and  the  core  are  mounted  on  a  shaft  and 
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the  assembly  is  called  the  armature.  Figure  25 
shows  a  typical  armature.  To  make  the  generator 
complete,  the  armature  fits  into  the  area  between 
the  pole 'pieces.  The  yoke  of  the  generator  stands 
still  and  thus  the  field  of  flux  is  steady  and  sta- 
tionary. The  armature  shaft  is  rotated  by  a  source 
of  mechanical  power  and,  as  Ae  armature  is  ro- 
tated, the  conductors  of  the  coil  cut  through  the 
magnetic  field  flux.  In  the  simplest  as  well  as 
in  the  most  complex  systems,  armature  conductors 
cutting  flux  produce  an  induced  voltage.  As  you 
know,  rotating  coils  produce  alternating  voltage. 
This  will  never  work  because  we  wanted  dc. 
What  shall  we  do  then?  ,  ^  .  We  should  not 
forget,  one  more  part  of  the  armature,  the  com- 
mutator. This  changes  the  ac  produced  by  the 
rotating  coils  to  dc  which  is  delivered  to  the 
generator  terminals.  Now  that  you  have  reviewed 
the  construction  of  a  simple  generator  let's  move 
on  to^nore  cJomplicated  ones. 

11-5.  Gcncrater  Types  and  Field  Distortion. 
Generators  are  normally  classed  two  ways.  First 
by  means  of  excitation  and  secpnd  by  the  rela- 
tionship of  the  field  winding  to  the  armature. 
As  to  excitation,  they  are  either  excited  ex- 
ternally or  they  are  self-excited.  This  last  class 
will  be  our  point  of  discussion.- 

11-6.  All  generators  employed  on  airqraft  are 
known  as  self-excited  generators.  In  any  type 
of  self-excited  generator,  successful  operation  de- 
pends upon  the  retention  of  a  small  amount  of 
magnetism  in  the^  iron  pole  pieces,  even  when 
no  current  is  flowing'  in  the  field  coils.  This  is 
called  residual  magnetism.  With  residual  magne- 
tism available,  the  armature,  when  rotating,  cuts 
a  few  lines  of  force  and  induces  a  small  voltage 
in  the  armature  windings.  If  this  voUage  were 
applied  to  the  generator  coils,  it  would  cause  ^a 
current  to  flow  in  those  field  ^^indings,  which,  in 
turn,  would  build  up  the  strength  of-  tiie  mag- 
netic field  within  the  generator.  The  increased 
field  strength,  in  turn,  results  in  a  higher  voltage, 
and  this  results  in  an  increased  current  flow 
through  the  field  coils.   This  process  is  called 
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sclf-cxcitation,  as  no  outside  source  of  efiergy  is 
used  to  crtate  the  magnetic  field. 

11-7.  The  second  classification  we  mentioned 
was  the  relationship, of  the  armature  to  the  field 
windings.  In  this  classification  we  will  disqussi^ 
(1)  series-wound  (2)  shunt- wound,  and  (3) 
compound-wound, 

11-8.  Series-wound ^  gemrtitor.  In  the  series- 
wound  generator,  the  field  coils  are  connected 
in  series  with  the  armature.  The  cunent  in  the 
load,  which  is  connected  externally,  also  flows 
'through  the  field  coils.  Since  the  magnetic  field 
strength  is  proportional  to  the  load  cijnent,  a 
varying  load  would  result  in  a  varying  output 
voltage.  In  other  words,  as  the  load  incrfases 
^  the  terminal  voltage  increases,  and  as  the  load 
decreases  the  terminal  voltage  decreases.  Be- 
cause the  electrical  and  electronic  equipment  in- 
stalled in  aircraft  requires  a  constant  voltage, 
the  series-wound  generato;  cannot  be  used. 

11-9.  Shunt-wound  generator.  A  shunt-wound 
generator  is  one  that  has  its  field  coils  connected 
in  parallel  vuth  the  armature  terminals.  The 
shunt*wound  generator  produces  the  greatest 
terminal  voltage  under  no-load  conditions.  As  the 
load  increases,  more  cunent  flows  through  the 
load  and  Jess  through"  the  field;  and  the  terminal 
voltage  decreases. 

11-10.  Let's  discuss  why  this  undesirabli  con- 
dition occurs.  The  output  voltage  under  iQad  is 
"  equal  to  the  no-load  terminal  voltage  less  the  volt- 
age drop  across  the  armature.    As  the  load 
'   increases,  greater  current  flows  through  the  ex- 
ternal load  and  the  armature.  This  greater  cur- 
rent through  the  armature  increases  the  voltage 
*  (IR)  drop  across  the  armature  and  reduces  the 
terminal  voltage.   Tfie  reason  is  that  a  larger 
quantity  is  subtracted  from  the  no-load  terminal 
voltage  and  the  difference  or -terminal  voltage 
under  load  is  decreased.   This,  smaller  voltage 
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Figure  24.   Generator  mignctic  circuit 
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Figure  25.   Generator  armature. 

sendsjess  current  through  the  field,  and  the^ 
suiting  decreased  magn^c  field  strength  reduce 
the  output  voltage. 

11-11.  Compound-wound  generator.   A  com- 
pound-wound generator  has  both  a  series  field 
and  a  shunt  field.  The  shunt  field  coils  are  con- 
nected across  the  armature,  as  in  the  shunt-wound 
generator  previously  discussed.  The  series  wind- 
ing is  connected  in  series  with  the  load.  The 
series  windings  are  wound  onto  the  pole  piece* 
so  that  the  magnetic  flux  they  produce  is  added 
to  the  flux  produced  by  the  shunt  winding.  There- 
foft,  since  the  series  field  is  in  series  with  the 
load,  the  same^  amount  of  cunent  flows  in  the 
load  circuit  as  in  the  series  field  windings.  When 
the  load  increases,  more  cunent  flows  through 
the  series  field 'windings,  causing  an  increase  in 
strength  of  the  field  in  which  the  qfmature 
rotaibs.  This  action  tends  to  increase  the  gener- 
ator output.  The  shunt  winding  acts  as  it  does 
in '  a  regular  shunt-wound  generator;  i.e.,  the 
terminal  voltage  tends  to  decrease  as  each  load 
increases;  the  two -actions  are  opposite  in  effect 
and  the  terminal  voltage  remains  the  same.  This 
is  exactly  what  you  are  looking  for  in  a  gen- 
erator.  In  almost  every  case  where  a  constant 
voltage  under  varying  loads  is  needed,  you  will 
find  a  compound-wouj;)G  generator  used. 

11-12.  Field  distoirfiorL  Now,  let's  discW 
armature  reactance,  because  it  plays  a  large  role 
in  determining  the  output  of  all  dc  generators. 

11-13.  In  a  dc 'generator,  the  current  flowing 
through  the  armature  sets  up  a  magnetfc  field 
abouf  the  armature  windings.  This  magnetic  field 
tends^  to  distort  or  bend  the  magnetic  flux  be- 
'tweea .  the '  poles  of  the  generator.  Since  the 
armature  csurrent  naturally,  increases  with  load, 
this  distortion  becomes  more  pronounced  as  the 
load  increases.  In  this  event,  a  voltage  is  induced 
into  the  shorted  windings  and  considerable  spark- 
ing takes  place  between  the  brushes  and  the  com- 
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mutator*  segments. 'TJiis  excessive  sparking  "not 
only  bums  and  pits  the  commutator,  but  it  causes 
excessive  wear  on  the*=  brushes  themselves.  Since 
this  is  an  undesirable  condition,  let's  discuss  the 
most  common  methods  of  reducing  excessive 
brush  sparking.  '  '    •*  ♦ 

!l-14.  One  method  of  reducing  field  distor- 
tion is  by  adding  inte'rpoles  to*the  generator.  An 
interpole  is  a  pole  placed  between  the  main  poles. 
It  has  the  same  polarity  as  the  next  main  pole 
in  the  direction  of  anna(\ire  rotation.  The  mag- 
netic flux  produced  by  an  interpole  cancels  out 
the  emf  of  self-induction  in  the  armature  as  each 
armatu^  winding  passes  under  the  interpole. 
This  means  that  armature  reaction  is  lessened 
considerably. 

11-15.  Another  means  ,of  reducing  armature 
reaction  is  provided  by  the  slotted  pole  pieces. 
A  slotted  pole  piece  is  nothing  more  than  a  series 
of  slots,  or  airgaps,  cut  in  the  face  of  each  pole 
so  that  more  iron  is  replaced  by  air,  with  the 
result  that  the- effects  of  the  armature  magnetic 
tield  are  weakened.  The  main  magnetic  fleld  is 
nof-  weakeped.  Spnce  the  armature  flux  cannot 
avoid  the  airspaqes,  it  is  weakened  to  the  point 
that  it  scarcely  interferes  with  communication. 

11-16.  Still  another  method  of  reducing  arma- 
ture reaction  is  through  the  use  of  laminated  pole 
tips.  A  laminated  pole  tip  is  one  in  which  every 
other  lamination  is  reversed,  leavhig  a  series  of 
airgaps  on  the  tips  of  each  pole.  By  reducing 
the  amount  of  iron  at  the  tips  of  the  poles,  a^ 
concentration  of  flux  at  the  pole  tips  is  prevented, 
thus  reducing  distortion. 

11-17.  The'  last  method  we  discuss  is  that  of 
using  compensating  windings  to  reduce  armature 
reaction  and  the  effects  of  self-induction.  The 
comp^jnsating  windings  are  placed  ^o  that  they 
overlafstjie  mai®  poles  and  are  in  series  with  the 
armature.  Ypu  already  know  that  when  the  load 
current  Is  increased,  the  armature'  flux  also  in- 
creases. Since  the  compensating  windings  are  in 
series  with  thd  armature,  tliey  produce  a  flux  that 
is 'opposite  the  armature 'flux;  therefore,  the 
resblt  is  almost  complete  cancellation. 

11-18.  Now  that  you  *have  refreshed  your 
,;men?ory  as  to  the  operating  principles  of  dc  gen-  * 
Aerators,  let*s  turn  our-  discussion  to  the  mainte- 
nance you  wili  be  performmg  on  dc  generators. 

11-19.  General  Maintenance  Requirements. 
When  you  are  working  at  maintenance  levels 
where  generators  are  disassembled,  you  may  per- 
form various  electrical  tests  on  the  components 
of  each  generator  to  determine  their  servicea- 
bility. For  the  exact  measurements  of  compo- 
nents on  a  particular  generator  refer  to  the 
Overhaul  Instructions  tflchnical  order  for  that 
particular  generator.  ^ 


11-20.  Commutator.  The  cojn'mutator  is  con- 
structed of  a  large  number  of  individual  coppef 
segments^  each  of  which  is  electrically  insulated 
from  the  others  and  fropi  the  other  parts  of  the 
armature  by  mica  insulation.  After  the  com- 
pleted armature  is  assembled,  it  is  placed  in  a 
machinist's  lathe, ^  and  a  skilled  machinist  turns 
the  commutator  to  a  prescribed  outside  diame- 
ter. This  is  a  delicate  job  and  one  that  requires 
considerable  skill  in  handling  the  lathe. 

11-21.  After  the  commutator  has  been  ma- 
chined tathe  diameter  prescribed  by  the  overhaul 
manual  for  that  specific  generator,  the  -mica  that 
'  is  between  the  segments  must  be  undercut.  This 
work  may  be  done  by  a  machiolst.  As  the  brushes 
wear -away  dtiring  the  scrvic^  life  6f  the  genera- 
tor, me  cabron  dust  may  settle  piomentarily  into 
the  spaces  between  the  commutator  segments; 
and  as  the  armature  rotates,  most  oj  this  dust  is 
thrown  out  of  the  stots  due  to  centrifugal  force. 
If  oil  or  grease  should  get  on  the  surf/ce  of  thg 
commutator,  it  might  mix  with  th^  carbon  .dust 
and  cause  it  to  collect  and  stick  in  the  slots'  be- 
tween segments.  If  this  condition  did  occur,  the 
carbon  dust  particles  might  adhere  to  the  walls 
of^\jf^slots  so  that  eventually  a  short  circuit 
would  develop  between  the  various  commutator 
segmenis.  This  short-circuited  condition  would 
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Figure  26.  Cbecking  pviah  springs. 
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Figure  27.    Removing  brushes. 

cause  the  output  voltage  of.  the  generator  to  be 
adversely  affected. 

11-22.  You  are  familiar  with  the  color  of  a 
new  atpper  penny,  and  that  is  what  you  may 
expect  the  copper  commutator  to  look  like  at  all 
times.  However,  this  is  not  correct.  Due  to  the 
oxidation  of  the  copper  and  operation  in  cojijact 
vyith  the  carbon  brushes,  the  color  of  a  normally 
opcratmg  commutator  is  a  chocolate  brown.  Any 
burnt  spots^along  the  side  of  the  commutator 
^gment  indicate  that  some  brushes  are  not  prop- 
erly fitted  to  the  commutator  or  that  trouble  is 
about  to  develo^D.  You  may  remove  burned  spots 
by  placing  a  strip  of  sandpaper  the  width  of  the 
commutators  with  the  sanded  side  down/around 
the  commutator,  and  sliding  it  back  and  forth. 
Take  care  not  to  \Vork  so  long  on  a  burned  spot 
as  to  cause  the  surface  to  develop  a  flat  spot. 
After  you  complete  the  operation,  direct  an  air- 
stream  through  the  bnlsh  assembly  to  remove 
any  l9ose  abrasive  or  carbon  dust. 

11-23.  Brushes,  spring  device  holds  each 
brush  in  contact  with  the  commutator.  You 
should  check  the  brush  spring  pressure  periodi- 
cally in  accordance  with  instructions  contained  in 
the  applicable  TO  on  the  generator^  Figure  26 
shows  you  how  to  check  the  tension,  t^sing  a 
small  sprinjg  scale  normally  included  in  your 
electrician  service  took.  The  proper  time  to  read 
the  scale  is  when  the  spcing  lever  xi  about  one- 
sixteenth  of  an  inch  off  the  brush.  You  will 
have  to  make  certain  of  the  exact  spriagvprcssure 
for  each  particular  generator  from  thfc  pertinent 
technical  order.  Too  much  spring  .pressure  in- 
creases the  friction  between  the  brushes  af^the 


commutator,  and  consequently,  increases  the 
wear  on  j/ltt^  bashes,  whereas  too  little  contact 
pressure  may  lead  to  jumping  brushes  with  poor 
output  and  the  possibility  of  burning  and  damag- 
ing the  commutator. 

11-24.  When  you  lift  the  brush  springs  to  re- 
move the  brushes  for  inspection,  use  a  small  hook 
made  from  a  piece  Of  wire  instead  of  your  finger 
(see  fig.  27).  This  preventssthe  possibility  of  the 
spring  slipping  from  your  grasp  and  flamming 
down  against  /the  brush,  which  could  cause  the 
brush  to  crack,  chip,  or  otherwise  be  made  unfit 
for  further  use. 

11-25.  As  you  remove  each  brush  from  its 
holder,  examine  it  carefully  for  cleanliness  and 
length.  Examine  the  contact  face  for  correct 
seating  on  the  commutator.  If  the  brushes  or  the 
'  brush  holders  need  cleaning,  wipe  them  with  a 
cloth  moistened  with  an  approved  cleaning  sol- 
vent. Never  immerse  carbon  brushes  in  cleaning 
solvent. 

11-26*  The  length  of  the  new  brushes  varies 
from  manufacturer  to  manufacturer;  so  does  the 
method  of  measuring  the  length  of  the  generator 
brushes.  There  are  as  many  different, minimum 
l^gths  of  brushes  as  there  are  generators,  so 
y<4u  must  look  in  tecffinical  orders  for  the  ipini- 
mum  length  for  a  particular  generator.  After 
some  experience,  you  learn  approximately  how 
much  the  brushes  wear  ^etween  inspections,  and 
then  you  are  prepared  to  change  the  brushes 
before  they  reach  their  minimum  lengths.  ^ 

1^-27.  The  correct  seating  of  the  brushes  on 
the  commutator  is  very  important,  and  you  can 
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readily  check  this. by  looking  at  the  contact  face 
of  the  brush.   Properly  seated  brushes  should 

^show  contact  100  percent  kross  the  brush  thick- 
ness for  at  least  70  percent  of  the  brush  width, 
as  shown  in  figure  28,  item  A.  In  figure  28  the 
solid  black  areas  represent  noncontact  areas,  and 
the  portion  of  the  "brush  contact  face  that  is 
shown  with  ll^ht  lines,  represents  the  area  of  the 

,  brush  that  is  in-  cohtact  with  the  commutator. 
Figure  28,  item  B,  shows  the  end  view  of  a  new 
brush  which  must  be  seated  to  the  •commutator 
after  installation.  Figure  "28,  ^tem  C,  shows  a 
brush  that  is  showing  100.  percent  contact  across 
both  the  thickness  and  the  widdi  of  the  brush, 
which  is  a  highly  desirable  condition.  Items  D 
and  E  of  figure  28  show  brushes  that  are  making 
100  percent  contact  across  the  brush  thickness  for 
at  least  70  percent  of  the  brush  widdi.  Items  F 
and  G  of  figure  28  depict  conditions  which  are 
not  acceptable  because  the  brushes  alfe  not  mak- 
mg  100  percent  contact  across  the  thickness  of 
the  brush. 

11-28.  When  new  brushes  are  installed  in'  a 
generator  at  a  factory  or  depot,  they,  are  allowed 
to  run  for  up  to  1  hour  at  no  load  and  i  in  this 
way,  wear  ^n  by  themselves.  This  cannot,  and 
should  not  be  done  on  generators  that  areirt* 
stalled  on  aircraft,  for  the  brushes  may  be  called 
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Figure  28.   Conect  and  incorrect  brush  fits. 


Figure  29.    Seating  brushes  with  sandpaper.  . 

upon  to  conduct  (grrrent  as  soon  as  the  generators' 
start  turning.  Unless  the  brushes  are  properly 
making  contact  with  the  commutator,  serious  arc- 
ing might  occur  which  could  damage  the  commu- 
tator. 

11-29,  Figure  29  shows  how  a  new  onfitted 
brush  appears  as  it  rides  on  the  surface  of  the 
commutator,  and  directly  opposite,  how  a  prop- 
erly fitted  brush  appears^  To  achieve  this  effect, 
when  you  install  ne\y  brushes,  place  a  strip  of* 
Nr.  000  or  Nr.  0000  sandpapcJl,  the  width  of  the 
commutator,  under  the  brush  with  the  sanded 
side  next  to  the  brush,  ^and  then  withdraw  it  from 
under  the  brush  in  the  normal  direction  of  rota- 
tion of  the  arftiature.  Do  not  use.  emery  pajJer 
or  crocus  cloth  for  this  operation,  Aov  they  ai^ 
metallic  materials  -^nd  should  particles  of  'the 
material  become  imbedde*d  in  the  brush,  arcing 
and  pitting  of  the  commutator  will-r^^  Do 
not  slide  the  sapdpaper  back  and  forth  under  the 
brush.  After  you  have  withdrawn  the' sandpaper, 
lift  the  brush  from  the  commutator  and  reinsert  ^ 
the  sandpaper  ^under  the  brush.  As  the  brush  is 
again  held  against  it,  withdraw  the  sandpaper  in 
the  normal  direction  of  rotation.  Contiiitie  this 
proce^  until  the  brush  fit  meets  the  minimum 
requirement  of  100  percent  contact  of  the  brush 
thickness  for  at  least  70  percent  of  the  -width  of 
the  brush.  After  you  have  completed  this  proce- 
dure, normal  generator  operation  will  complete 
the  operation  of  fitting  the  brushes  to  the  commu- 
tator. 

.  11-30.  Armature  tests.  The  first  of  the  three 
electrical  tests  for  the  armature  is  the  check  for 
grounds.  On  all  of  the  conductors  usee}  in  the 
armature,  the  only  insulation  used  is  a  baked 
coating  of  insulating*  varnish.  If  this  insulating 
varnish  should  chip  or  otherwise  be  worn  away, 
there  is  a  possibifity  that  one  or  more  of  the 
armature  conductors  may  <be  touching  some  part 
of  the  iron  core  of  the  armature.  This  test  is  also 
a  check  of  the  insulating  value  of  the  mica  be- 
tween the  commutator  segments  and  the  main 
body  of  iron  of  the  armature  assembly.  This 
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Figure  30.    Checking  armature  assembly  for  grounds. 

check  is  called  a  high-potential  test,  in  that  a 
110-volt  or  a  220-volt  ac  test  lamp  is  used. 
Place  one^  of  the  test  lamp  leads  on  the  armature 
shaft  (see  fig.  30)  and  the  other  lead  on  the 
commutator  riser.'  Now  move  the  lead  that 
is  toubhing  the  commutator  back  and  forth 
to  make  contact  with  several  segments.  If  the 
test  lamp  lights,  there  is  a  ground,  and  the  arma- 
ture assembly  must  be  discarded.  Because  of  the 
method  used  in' winding  armatures,  you  do  not 
necessarily  have  to  perform  this  check  around 
the  fulf  circumference  of  the  commutator;  for  if 
any^^one  conductor  of  the  armature  winding  is 
grounded,  a  circuit  ivill  be  corhpleted  for  the 
tes^  lamp. 

1 1-31.  The  second  check  is  the  growler,  or  the 
short-circuit  check.  The  typical  growler  (sv  fig- 
31)  consists  ^f  a  laminated  U-shaped  soft  iron 
core  with  the  open  ends  upward  and  an  electri- 
cal winding  that  is  normally  inclosed  within  the 
base'  of  the  unit.  A  growler  operates  only  when 
connected  to  a  source  of  alternating  current.  The. 
unit  ii  so  constructed  that  when  an  armature  is 
placed  within  the  open  ends  of  the  electromag- 
net, a  vTbration  is  caused  between  the  armature 
core  and  the  growler  poles,  which  results  in  a 
buzzing  or  a  growling  noise.  This  noise  is  no  -in- 
dication of  the  general  condition  of  the  armature, 
for  every  armature,  good  or  bad,  will  have  the 
growling  sound  when  placed  on  the  unit  with  the 
electrical  circuit  completed.  ^ 

11-32.  The  combination  of  an  armature  and  a 
growler  is  similar  io  a  transformer;  the  core  of 
the  armature  m  contact  with  the  pole  pieces  of 
the  growler  forms  an  all-metal  path  for  the  mag- 


netic circuit.  The  winding  of  the  growler  be- 
comes the  primary  of  the  transformer,  and  the 
winding  of  the  armature  becomes  the  secondary, 
in  which  a  voltage  is  induced  by  the  alternating 
action  of  the  magnetic  field  developed  in  the  iron 
core. 

11-33.  To  check  an  armatur^lor  short  circuits' 
(see  fig.  31),  hold  a  piece  cJfa  broken  hacksaw 
blade  loosely  on  the  top  of  the  armature  and 
slowly  move  it  all  the  way  around  the  armature, 
turning  the  armature  assembly  on  the  growler  as 
required..  Normally  there  is  a  voltage  developed 
in  the  windings  of  the  armature,  but  'because  of 
its  construction,  no  current  will  be  flowing  within 
the  armature.  If  the  hacksaw  blade  should  be 
attracted  to  the  armature  at  any  point  and  buzzes, 
it  indicates  that  there  is  a  current  flowing  iH^the 
conductors  that- are  beneath  the  bladf,  and  there- 
*  fore  a  short  circuit  mus^  exist  within  the  arma- 
ture. If  there^  is  a  shorft  circuit,  the  armature  as- 
sembly must  be  discarded,  unless  the  trouble  is 
due  to  solder  that  is  briding  between  commutator 
risers.  This  trouble  is  usually  reparable. 

11-34.  You  can  safely  perform  the  third  and 
final  check  on  armatures  only  after  the  previous 
two  tests  have  revealed  no  troubles.  The  check 
for  open  circuits  in  an  armature  can  be  made  in 
two  ways;  (1)  with  the  ac  ammeter  on  the 
growler  and  (2)  with  a  hacksaw  blade. 


Figure  31.    Checking  armature  assembly  for  short 
circuits. 
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Cartoon  5.    Oh!  What  a  beautiful  dooooll. 

11-35.  To  check  the  armature  for  open  cir- 
cuits with  the  ammeter  on  the  growler,  place  the 
^  •  armature  on  the  growler  and  turn  it  on.  Adjust 

t^c  contact  fingers  until  they  touch  the  adjacent 
segments  on  the  commutator.  Rotate  the  arma-\ 
ture  and  continue  the  test  by  placing  the  contact 
fingers  on  each  succeeding  paiY  of  segments.  The 
ammeter  will  register  zero  if  the  armature  con- 
tains an  open  winding  when  the  contact  fingers 
^are  placed  on  the  segments  connected  to  that 
i  winding.  If  the  armature  is  functional  the  am- 

meter will  register  a  value  as  specified  in  the  TO 
for  the  generator  Armature  being  tested. 

11-36.  To  check  the  armature  for  open  cir- 
cuits with  a  hacksaw  blade,  place  the  armature 
on  the  growler  •and  turn  it  on.  Short  circuit  each 
segment  of  the  commutator  with  the  adjacent  seg- 
ment using  the  saw  blade  as  the  armature  fs  ro- 
tated. A  strong  flash  or  spark  should  be  obtained 
between  each  pair  of  adjacent  segments  if  there 
are  no  open  coils  in  the  armature.  If  no  spark 
is  seen,  the  armature  has  an  open  coil. 

11-37.  If  no  reading  on  the  ammtter  is  ob- 
tained or  no  spark  at  the  commutator  is  seen, 
check  the  connections  at  the  commutator  riser  for 
security.  If  the  trouble  is  not  at  the  soldered 
connection  to  the  riser,  the  armature  should  be 
discarded. 
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figure  32.   Checking  field  assembly  for  grounds. 

11-38.  Field  tests.  First,  give  the  field  assem-  ^ 
biy  a  high-potential  test,  using  either  a'  110-volt 
or  a  220-volt  test  lamp.  (See  fig.  32.)  Place, 
one  test  lamp  lead  on  an  unpainted  ^art  of  the 
generator  frame;  then,  touch  the  other  lead  to 
each  of  the  terminals  A,  B,  D,  and  E.  The 
identification  of  all  aircraft  generator  terminals  is 
standardized.  The  terthinals  are  identified  by 
the  letters  A,  B,  D,  and  E,  both  for  simplicity 
and  standardization.  Terminal  A  is  always  the 
shunt  field  terminal,  terminal  B  is  always  the 
generator  positive  terminal,  terminal  D  is  always 
the  generator  equilizer  terminals  (to  be  discussed 
later),  and  terminal  E  is  always  the  generator 
negative  terminal.  If  the  lamp  lights,  there  is  a 
ground  in  the  circuit  and  the  field  assembly  must 
be  discarded,  unless  the  trouble  is  at  the  gen- 
erator terminals  and  is  reparable. 

11-39.  Next,  check  the  shunt  fielc}  circuit  re- 
sistance with  an  ohmmeter.  ($ee  {ig.  33.)  To  do 
this,  connect  one  ohmmeter  lead  to  the  E  termi- 
nal and  the  other  to  the  A  terminal,  as  shown  in  ^ 
figure  33.  The  shunt  field  resistance  varied  from 
generator  model  to  model  and  between  manufac- 
turers. Therefore,  you  must  obtain  specific  in- 
formation for  a  particular  generator  from  the  ap- 
plicable technical  order.  A  resistance. lower  than 
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Figure  33.   Shunt  field  resistance  check. 
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the  Minimum  specifiei  may  indicate  a  short  cir- 
cuit in  the  shunt  field,  and  a  resistance  higher 
than  the  maximum  allowable  may  incjicatc^  an 
open  circuit  or  a  loose  conncctiorf.  If  the  re- 
sistance is  too  low  or  too  high,  you  must  discard 
the  field  assembly,  unless  you  can  easily  find  the 
trouble  and  can  repair  it. 

12*  DC  Generator  System  Components 

12-1.  Now  that  you  are  familiar  with  the 
characteristics  of  dc  generators,  it  is  only  natural 
that  the  next  topic  should  be  that  of  the  various 
control  and  protective  devices  that  are  in  all  dc 
generator  systems. 

12-2.  For  many  reasons,  you  must  be  familiar 
with  the  operation  and  characteristics  of  the?e 
components.  For  example,  when  troubleshooting 
dc  generator  systems,  -you  must  know  how  the 


A,  CARBON  STACK 
6.  INSULATING  TUBE 
C.  CARBON.PILE  HOUSING 
0.  ARMATURE  ASSEMBLY 

E.  COMPENSATING  RING 

F.  SPACER 

G.  SOLENOID  HOUSING 

H.  VOLTAGE  CQIL 


CSC  1248 


I.  EQUALIZING  COIL 

K.  ADJUSTABLE  CORE 

L.  SPRINGS 
M.  BASE  PLATE 
N.  FIXED  RESISTOR 
O.  VARIABLE  RESISTANCE 

P.  ADJUSTING  SCREW 


Figure  34.    Schematic  of  carbon-pile  voltage  regulator. 


various  components  function  so  that  you  can  dis-  ^"^^ 
tinguish  between  troubles  caused  by  the  generator, 
and  those  that  are  caused  by  the  voltage  regula- 
tor or  other  controlling  devices.  Another  reason 
for  learning  about  these,  components  is  that  you 
are  required  to  overhaul  or  repair  rpany  of  them. 
Further,  after  you  have  performed  the  necessary 
maintenance  on  these  components,  you  will  have 
to  bench  test  and  calibrate  them  for  prpper  op- 
eration. 

» 

12-3.  Most  of  the  electrical  equipment  mstailed 
in  an  aircraft  is  designed  tc  operate  normally 
within  a^specifield  range  of  voltages;  variations 
'  from  these  limits  cause  an  undesired  change  in 
the  characteristics  of  the  equipment.  If-  for  some 
reason  the  generator  were  to  produce  an  exces- 
sively high  voltage,  much  of  the  equipment  in  op- 
eration at  that  time  could  burn  out.  To  prevent 
this  from  occurring,  various  control  and  protec- 
tive devices  are  incorporated  into  the  generator 
circuits.  These  devices  disconnect  the  generator 
'  from  the  distribution  system  whenever  the  output^ 
.  voltage  rises  above  or  below  a  predetermined' 
value.  The  output  of  all  dc  generators  used  in 
aircraft  today  is  approximately  28  vdlts.  The 
amperage  capacity  varies  from  generator  to  gen- 
erator, but  the  output  even  under  full  load  is 
always  approximately  28-volts  dc. 

12-4.  Voltage  Regulators*  The  purpose  of  the 
voltage  regulator  in  a  generator  system  is  to  main- 
tain a  constant  output  voltage  under  varying  load- 
conditions.  Of  the  many  factors  that  determine 
the  output  voltage  of  a  generator,  the  only  one 
that  is  readily  controllable  is  the  ^magnetic  field    ^  \ 
strength  of  the  field.  The  voltage  regulator,  then,  ^ 
controls  the  output  of  the  generator  by  controlling 
the  current  through  the  field  coils,  and  conse- 
quently, the  strength  of  the  field.  Although  there 
are  many  ways  in  which  this  can  be  done,  the 
most  common  method  is  to  use  "^a  carbon-pile 
type  voltage  regulator  to  control  th^  current  m 
the  field  coils.  ,  ^ 

12-5.  Carbon-pile  voltage ^regulatou  In  your 
work  as  an  aircraft  electrician,  you  have  no 
doubt  had  many  occasions  to  repair  or  adjust  a 
carbon-pile  regulator.  Nevertheless,  ^  ^o  refresh 
your  memory,  let's  start  the  discussibn  with  a 
brief  review  of  this  voltago  regulator.  .  * 

12-6.  As  you  know,  cafbon  is  a  conductor  *ot 
electricity.  It  is  far  from  being  a  perfect  conduc- 
tor, but  it  has  several  electrical  characteristics 
that  warrant  its  use.  First,  the  more  mechanical 
pressure  (compression)  applied  to  a  numben  of 
carbon  units  in  contact  with  each  other,  the  less 
*  is  the  resistance  of  the  group.  As  carbon  units 
are  compressed,  their  ^resistance  decreases;  and 
conversely,  as  the  mechanical  pressure  exerted 
upon  the  assembly  is  relieved,  their  resistance  in- 
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creases,  pie  carbon  particles  are  always  in  con- 
tact witk^nc  another,  with  the  resistance-deter- 
mining lactor  being  the  amount  of  compressive 
force  exerted  upon  them.  The  second  all-impor- 
tant characteristic  is  that  the  effect  of  increased 
temperature  upon  carix)n  is  the  exact  opposite 
from  the  reaction  of  the  other  types  of  conduc- 
tors previously  discussed  in  this  course.  As  the 
temperature  of  copper,  silver,  ^nd  alumir^um 
increases,  Ihe  resistance  of  these  metals  goes  up 
also.  Bu^  with  carbon,  as  the  temperature  in- 
creases,/the  resistance  decreases. 

12-7.  The  carbon-pile  regulators  presently  used 
in  aircraft  are  manufactured  by  many  companies 
•  aqd  may  vary  slightly  in  external  appearance, 
but  mechanically  and  electrically  they  operate 
alike.  A  detailed  construction  and  wiring  dia- 
^am  is  sljown  in  figure  34.  In  this  type  of  regu- 
lator, carbon  discs  (a)  are  placed  in  an  insulating 
ceramic  tube  (b)  inside  of  the  carbon-pile  hous- 
ing (c),]why:h  is  fitted  with  fins  to  radiate  the 
heat,  pr^^iuced  as  the  current  flows  through  the 
resistanjfe  of  the  stack.  An  electromagnet,  con- 
sisting ylof  a  voltage  coil  (h)  and  an  adjustable 
core  ((Ic),  is  locate^  within  the  solenoid  housing 
(g)  ajt.one  end  of  the  carbon  stack.  An^  insulated 
pi ato  and  adjustable  screw  (p),  which  makes 
contact  with  the  carbon  pile,  is  mounted  on  the 
otl^^r  end  of  the  carbon-pile  housing.  The  other 
c^rttact  with  the  carbon  pile  is  made  through  the 
armature  assembly  (d).  When  the  generator  is 
producing  a  voltage  below  th&t  which  the  regula- 
tor has  been  adjusted  to  mdntain,  the  spring? 
(1)  exert  a  mechanical  pressure  upon  the  discs, 
lowering  the  stack  resistance  to\a  lesser  value. 
This  allows  more  current  to  flow^thhnigh  the  field 
coils.  Located  under  the  springs  Is^^asspacer  (f), 
^ich  is  installed  by  the  manufacturervor  over- 
ly haul  activity,  so  as  to  place  the  armaturV  in  the 
^proper  position.  ^Because  the  resistance  of  the 
carbon  stack  v^es  inversely  with  the  tcmperaWe, 
to  prevent  any  change  in  surrounding  air  tenv^ 
pcrature  from  affecting  the  setting  of  the  regu 
lator,  a  bimetallic  compensating  ring  (e)  is 
situated. on  top  of  the  spacer  and  under  the  tip 
of  the  springs  (1)  which  are  exerting  mechanical 
pressure  on  the  carbon  stack.  As  the  temperature 
of  the  surrounding  air  increases,  the.  compensat- 
ing ring  tends  to  flatten  out  and  by  so  doing,  de- 
creases the  mechanical  pressure  exerted  upon  the 
stack.  The  resulting  decrease  in  mechanical  pres- 
sure on^e  carbon  stack  increa^s  the  resistance 
of  the  stack  sufficiently  to  compemwte  ioKthe  de- 
crease in  resistance  resulting  froni^^^pJiyrea^d 
surrounding  air  temperature^ 

12-8.  The  electrical  circuits  of  the  regulator  are 
all  brought  out  from  the  base  plate  (m)  through 
which  the  circuits  are  automatically  completed 


when  the  regulator  is  installed  in  the  standard 
Air  Force  voltage  regulator  base.  Changes  in  the 
^  volt^e  of  the  generator  are  applied  to  the  volt- 
^  age  coil  (h)  through  terminal  B  of  tha  base 
plate,  the  variable  resistor,  the  fixed  resistor,  and 
to  ground  through  terminal  G  of  the  base  plate. 
The  electromagnet  .works  in  opposition  to  the 
springs  that  tend  to  compress  the  carbon  stack. 
Therefore,  as  the  voltage  of  the  circuit  increases,  ' 
the  current  flow  through  the  voltage  coil  increases 
and  exerts  more  attractipnJor  the  armature.  Any 
movement  of  the  armature,,  however  slight^  to-  / 
ward  the  core  of  the  electromagnet  tends  to  in- 
crease the  resistance  of  the  stack  of  carbon  discs. 
The  field  current  of  the  generator  has  to  flow 
through  the  carbon  stack  from  one  end  to 'the 
other,  and  thus  current  flow  thr,ough  the  field  coils 
is  controlled  by  the  output  voltage  of  the  gen- 
erator. ) 

12-9.  The^  fixed  resistor  (n)  in  the  electro^ 
magnetic  circuit  is  for  the  purpose  of  limiting 
the  current  flow  in  the  control  circuit  to, a  low 
value,  while  the  variable  resistance  (o)  provides 
a  means  of  varying  the  resistance  in  the  control 
circuit,' and  in  this  manner  determines- the  volt- 
age which  the  regulator  will  maintain. 

12-10.  A  glance  at  figure  34 /shows  that  there**^ 
is  one  more  coil  in  the  electrical  circuit  which 
hasn't  been  mentioned  before,  and  that  is  the 
equalizer  (i),  which  is  connected  between  termi- 
nals D  and  K  of  the  base  plata.  The  equalizer 
circuit  is  wired  into  the  circuit  only  in  installa- 
tions where  two  or  more^  generators  are  bemg 
operated  in  parallel  to  supply  the  electrical  load. 
We  will  discuss  the  equalizer  circuit  later  m  this 
volume. 

-12-11.  The  only  adjustment  authorized  on  a' 
voltage  regulator  outside  of  depot  ^activities  or 
maintenance  shops  is  the  variable  resistor.  Turn- 
ing this  adjustment  from  one  end  of  its  travel  tq 
the  othei:.  should  provide  a  voltage  range  of  from 
26  to  30  volts  when  the  generator  is  operating 
mihin  its  normal  speed  range  and  the  regulator 
is  performing  normally.  Any  time  that  the  vc^Mp 
age  regulator  does  not  automatically  control 
vo^ge  witjiin  ±0.25  volt  of  its  setting  through- 
out the  full-load  capacity^  the  generator,  the 
carboiKdiscs  are  wearing  or  the  regulator  is  in- 
ternally Vit  of  adjustment. 

12-12.  \fany  modem  voltage  regulators  re- 
place the  vahable  rheostat^rwfth  a  potentiometer, 
which  is  'used^as  both  a  control  and  protective 
circuit.  Figure  3^  shows  a  schematic  of  a  car- 
bon-pile regiflator'  ^with  a  potentiometer.  Wote 
also  that  a  stabilizing  resistor,  c,  has  been  added. 
If  the  moving  contact  burns  off  or  is  otherwise 
damaged,  current  continues  to  flow  in  the  volt- 
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Figure  35.  Carbon-pile  regulator  with  stabilizing  resistor. 

age  coll  circuit,  but  now  it  must  flow  Uirpugh  the 
full  resistance  of  the  potentiometer.  Because  of 
the  added  resistance  in  the  control  circuit,  the 
output  voltage  is  higher  than  normal.  However, 
current  is  flowing  in  the  voltage  coil  circuit,  pre- 
venting the  carbon  stack  from  going  to  a  ndini- 
mum  resistance  condition.  This  prevents  the  out- 
'put  voltage  from  reaching  its  maximum  value, 
reducing  the  possibility  of  damage  to  the  genera- 
tor or  of  having  an  electrical  fire. 

12-13.  The  purpose  of  the  stabilizing  resistor 
circuit  is  to  prevent  the  arcing  which  formerly 
occurred  between  the  discs  of  the  carbon  pile.  If 
all  the  load  is  .removed  suddenly,  the  voltage 
output  of  the  generator  rises  above  normal  for  a 
brief  instant.  This  high  voltage  being  impressed 
upon  the  vojtage  Control  circuits  causes  a  higher 
than  normal  current  flow  througH  the  voltage  coil. 
The  resultant  movement  of  the  armature  assembly 
of  the  regulator  is  abrupt  and  may  cause  the 
discs  to  separate  completely.  When  this  occurs, 
the  magnetic  field  surrounding  the  field  coils 
collapses  and  induces  a  voltage  in  the  coils 
(self-induction). 'This  voltage  tends  tjj|^ontinue 
the  flow  of  current  in  the  same  direction  and  to 
produce  an  arc  between  the  discs.  By  having  the 
stabilizing  resistor  in  the  circuit,  another  path  is 
provided  for  this  current  in  the  event  that  the 
discs  separate;  thus  the  arcing  tendency  is  elimi- 
nated. This  improvement  greatly  reduces  damage 
to  the  carbon  pile  and  lengthens  the  service  life 
of  the  regulator. 

12-14.  Inspections.  Normal  operation  of  the 
voltage  regulator  is  accompanied  by  the  radiation 
of  large  amounts  of  heat  from  the  regulator  to 
the  surrounding  air.  You  must  take  care  to  in- 


sure that  no  item  of  your  clothing  or  other  ma- 
terial is  placed  over  the  voltage  regulator.  This 
would^ restrict  the  free  circulation  of  air  over  the 
regulator  and  cause  the  operating  temperature  of, 
the  carbon  pile  to  increase.  Previously,  it  was 
mentioned  that  as  the  temperature  of  the  carbon 
iniireases,  its  physical  resistance  is  decreased.  For 
this  reason^  if  the  free  circulation,  of  air  about  the 
voltage  regulator  is  restricteci,  the  voltage  of  the 
system  tends  to  rise  above  it^  normal  level. 

12-15.  While  you  are  inspecting  voltage  regu- 
lators, always  look  under  the  regulator  mounting 
base  and  remove  any  loose  nuts,  bolts,  or  scraps 
or  witc  that  might  be  found  there.  Then,  check 
the  shock  mounts  by  which  the  regulator  mount- 
ing t>ase  is  fastened  to  the  aircraft  structure  for 
any  evidence  of  damage. .  If  it  is  necessary  for 
you  to  remove  the  regulator  from  the  base,  make 
certain  the  generator*  is  not  running  at  the  time; 
otherwise,  dangerous  arcing  occurs  or  the  con- 
tacts on  the  voltage  regulator  base  become  dam- 
aged. When  you  are  checking  the  operation  of 
the  voltage  regulator,  you  must  use  a  precision 
voltmeter.  Allow  the  regulator  to  operate  for  at 
least  15  minutes  so  that  it  reaches  t}ie  proper 
operating  temperature. 

12-16.  When  you  are  checking  and  adjusting 
the  voltage  regulator,  the  positive  lead  of  the 
precision  voltage  meter  is  connected  to  B  termi- 
nal of  the  voltage  regulator  mounting  base  (with 
the  voltage  regulator. mounted),  and  the  negative 
lead  to  ground.  Whenihe  regulator  warmup  pe- 
riod is  completed  and  the  engine  is  operating  at 
a  speed  established  by  ^he  applicable  TO,  the 
voltmeter  should  read  28  volts  and  should  main- 
tain that  reading  as  an  electrical  load  is  applied 
and  removed  frojn  the  generator.  There  should 
be  only  slight  surges  in  voltage  when  large  elec- 
trical load^^  are  applied  to  or  removed  from  the 
generator. 

12-17.  Generator  Control  Units.  The  earliest 
type  of  generator  control  unit  was  simply  a  cut- 
out consisting  of  two  coils.  One  coil  became 
energized  when  the  generator  output  reached  a 
certain  value  and  connected  the  generator  to  the 
load.  The  other  coil  became  energized  when  the 
generator  output  became  higher  than  "gun^i^ 
disconnected*  the  generator  from  thrToad.  As 
generator  systems  became  more  sophisticated,  it 
became  necessary  to  use  controls  of  a  more  ad- 
vanced type.  ^ 

12-18.  Reverse-current  relays.  With  the  advent 
of  tj>c  generator  voltage  regulators  that  plugged 
into  a  standard  voltage  ^regulator  mounting  base, 
there  appeared,  an  Advanced  type  of  cutout 
known  as  a  reverse-current  relay.  Reverse-cur- 
rent relaysv  (RCR^s)  are^  manufactured  by  sev- 
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Figure  36.   Internal  circuits  of  differential  voltage 
reverse-current  relay. 

eral  different  companies,  and  some  companies 
produce  many  different  models,  of  which  only  one 
will  be  illustrated  and  explained  here.  This  model 
is  generally  referred  to  as  a  diffcrendil  voltage 
reverse-current  relay. 

12-19.  The  differential  voltage-current  relays 
serve  the  following  .four  main  functions:  (1)  to^ 
close  the  circuit  between  the  generator  and  the 
power  distribution  system  when  the  generator 
voltage  is  greater  than  the  biis  voltage,  (2)  to 
^open  the  circuit  between  the  generator  and  the 
distribution  system  whenever  the  bus  voltage  ex- 
ceeds the  generator  voltage^  (3)  to  keep  the 
circuit  open  between  the  generator  and  the  power 
system  in  the  event  of  reversed  polarity  of  the 
generator,  and  (4)  to  act  as  a  remotely  controlled 
switch.  It  is  referred  to  as  a  differential  relay 
because  it  operates  on  the  difference  between 
generator  and  bus  voltage,  rather  than  as  a  fixed 
relay  that  operates  only  when  the  generator  volt- 
age reaches  a  specific  value.  ThVoasic  unit  is 
composed  ot  three  relays  inside  w  one  case,  the 
wiring  of  which  »  shown  schematically  ip  figure 
3^.  The  relays  ^e  designated  as  follows;  volt- 
age relay,  differential  relay,  and  contactor  relay. 

.  12-20.  For  the  RCR  to  close  the  circuit  from 
the  generator  to  the  bus,  the  generator  switch 
must  be  in  the  closed  position.  (Refer  to  fig. 
36.)  When  the  generator  potential  reaches  a 
point  between  20  aiid  24  volts,  the  current  flow- 


ing through  the  voltage  relay  coil  (k)  aeates  a 
magnetic  field  that  causes  the  voltage  relay  con- 
tacts (j)  to  close.  This  voltage  must  be  of  the 
correct  polarity  or  the  permanent  magnet  arma- 
ture will  not  operate.  With  the  closing  of  tlie 
voltage  relay  contacts^  a  circuit  is  completed  from 
the  GEN  terminal  to  the  BAT  terminal  by  way  of 
the  differential  coil  (1).  This  is  not  the  main  cur- 
rent path  through  the  relay.  With  a  potential  oi> 
the  GEN  terminal  that  is  between  0.35  aqd  0.65 
volt  higher  than  that  at  the  BAT  terminal, 
enough  current  flows  through  the  4iffcrential 
coil  to  displace  the  permanent  magnetic  arma^ 
turc  aifd  close  the  differential  relay  contacts  (c). 
The  contactor  coil  is  in  this  manner  now  con- 
nected to  the  SW  terminal,  from  which  point  the 
circuit  is  completed  back  to  the  voltage  source 
(the  g^erator).  The  20  or  24  volts  of  the  gen- 
erator applied  at  the  SW  terminal  causes  the 
main  contactor  coil  to  operate  the  movable  core, 
closing  the  main  contactor  points.  This  completes 
the  load-carrying  circuit. 

12-21.  The  main  contactor  points  complete  a 
circuit  between  the  BAT  and  GEN  terminals. 
When  the  generator  potential  is  lower  than  the 
battery  vol|age,  current  ordinarily  flows  from  the 
battery  to  thc^generator,' rapidly  draining  the  bat- 
tery. When  the  flow  of  reverse  current  rcachcsL^..^--^^ 
a  predetermined  point  between^  16  ana  25  am- 
peres, it  overpower^  the  magnetic  effect  of  the 
differential  coil  and  reverses  the  polarity  of  the 
differential  relay  electromagnet.  This  reversal 
of  polarity  causes  the  differential  relay  contacts 
to  open,  and  thus,  opens  the  contactor  coil  cir-- 
cuit.  The  spring-loaded  main  contactor  points 
then  open  and  interrupt  the  reverse  flow  of  cur- 
rent through  the  generator. 

12-22.  Overvoltagfi  relay.  In  any  generator 
system  there  is  always  the  possibility  of  excessive 
voltages  due  to  certain  circuit  malfunctions.  If 
this  should  occur,  the  overvoltage  condition  is 
sensed  by  the  overvoltage  relay,  which  sends  a 
trip  signal  to  the  field  control  relay.  The  field 
control  relay  then  isolates  the-faulty-gener^itor. 

12-23.  A  typical  schematic^  diagram  of  the 
overvoltage  relay  is  shown  in  figure  37.  Sensing 
power  is  applied  to  terminal  S  of  the  relay.  If 
the  generator  output  voltage  exceeds  a  certain  , 
value,  the  sensing  power  is  stropg  enough  to  en- 
ergize the  relay  through  the  ground,  at  terminal 
G.  When  the  relay  coil  is  energized,  a  circuit  is 
completed  through  contacts  P  and  T,  Terminal 
P  is  connected  to  the  aircraft*  bus,  and  terminal  T 
is  connected  to  the  trip  coil  of  the  M-2  field 
control  relay.  Completing  the  circuit  from  P  to  T 
effectively  disconnects  the  generator  from  the 
distribution  system  under  overvoltage  conditions. 
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Figure  37.   Ovcrvolugc  relay  schematic 

12-24.  Field  control  relay.  The  ovcrvoltagc 
rclay^  just  discussed  protects  all  electrically  op- 
erated equipment  from  damage  caused  by  execs- 
sively'high  voltages.  A  field  control  relay  is  used 
to  protect  the  generator  and  its  associated  wiring. 
A  schematic  of  a  typical  field  control  relay,  type 
M-2,  is  shown  in  figure  38.  There  are  two  relays 
inside  tlie  housing,  the  trip  relay  (A)  and  the 


reset  relay  (B),  and  ten  sets  of  electrical  con 
tacts,  six  of  which  are  normally  closed  and  the 
remaining  four  Aormally  open  when  the  genera-  . 
tor  system  is  operating  normally..  The  relays  used 
in  this  unit  are  latch  type  units^  meaning  that 
once  a  relay  is  energized  and  the  contacts  moved 
to  a  certain  position,  the  contacts  are  me(:hani- 
cally  held  in  that  new  position  until  the  other  ^ 
relay  coil  is  energized. 

12-25.  The  two  relays  actually  work  against 
each  other,  the  trip  relay  moving  the  normally 
closed  contacts  to  an  open  position  and  the  nor- . 
mally  open  contacts  to  the  closed  position,  while  \ 
the  reset  relay  revexses  the  contact  positions  again. 
Thfe  resistor  R-Lis  connected  into  the  circuit  to 
prevent  damage  to  the  trip  coil  that  might  other- 
wise be  caused  by  an  overvoltage  condition; 
therefore,  the  resistor  is  connected  in  series  with 
-the  trip  coil.  The  second  resistor,  R-2  is  con- 
nected between  termjoal  H,  which  is  connected 
directly  to  the  bus  bar,  and  terminal  N,  which  is 
connected  to  the  shunt  field  terminal  of  the  gen- 
erator. This  resistor  is  installed  for  the  express 
purpose  of  keeping  a  positive  voltage  applied  to 
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Figufe  38.    Field  control  relay  schematic. 
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the  field  terminal  of  the  generator  ar  all  times. 
The  ground  circuit  of  each  pf  the  two  relays  is 
completed  through  a  set  of  contacts  (1  and  7), 
which  open  after  the  corresponding  relay  has 
been  actyated.  Since  the  contacts  are  mechani- 
cally latched  into  position  after  the  operation  of  a 
relay,  there  is  no  need  to  coritinue  to  energize 
the  relay  coil;"  consequently,  these  contacts  are 
provided  to  open  the  circuit  after  th^  relays  are 
actuated. 

12-26.  The  field  circuit  between  A  terminal  of 
the  voltSage  regulator  and  A  terminal  of  the  gen- 
erator is  completed  through  three  sets  of  contacts 
(6)  that  are  connected  in  series.  The  principal 
reason  for  having  three  sets  of  contacts  in  series 
'  is  to  make  sure  that  the  circuit  willjogcn.  Th6 
warning  light  is  wired  through  the  normally  open 
contact  (4).  When  the  generator  system  is  op- 
erating normally,  the  light  is  out  because  this 
circuit  is  open;  but  any  time  that  the  field  control 
relay  has  been  actuated,  the  light  comes  on  to 
tell  the  pilot  or  engineer  that  the  generator  is  not 
performing  normally.  The  wire  which  runs  be- 
tween the  pilot*s  or  engineer*s  control  switch  and 
the  SW  terminal  of  the  reverse-current  relay  is 
controlled  by  a  set  of  normally  closed  contacts 
(3)  so  that  the  reverse-current  relay  is  also  auto- 
ijiatically  disconnected  in  the  event  of  circuit 
troubles. 

12-  27.  Another  circuit  that  may  also  be  wired" 
through  the  field  control  relay  is  the  equalizer 
circuit  in  those  installations  where  two  or  more 
generators  are  operating  in  parallel  to  supply  the 
electrical  load.  This  concludes  the  discussion  of 
generator  control  and  protective  devices.  Next, 
you  will  learn  how  all  of  these  units  are  con- 
nected into  typical  generator  systems. 

13,  DC  Generator  System  Operation 

13-  1.  So  far  in  this  course  you  have  learned 
about  the  various  types  of  generators  used  in 
aircraft  electrical  systems.  You  have  also  learned 
the  purpose  of  the  control  and  protective  devices 
used  in  dc  generator  systems.  Now  it  is  time  to 
learn  how  all  these  components  fit  together  to 
form  a  complete  operating  systeni. 

13-2.  Why  is  this  important  to  you?  First, 
you  must  know  how  a  system  operates  under 
normal  conditions  before  you  can  troubleshoot 
that  system.  Second,  it  is  not  enough  to  know 
that  a  generator  system  contains  certain  compo- 
nents. You  must  know  how  these  components 
are  interrelated  and  what  effect  they  have  on 
each  other.  Another  factor  you  should  consider 
is  that  many  aircraft  have  more  than  one  genera- 
tor in  the  dc  system.  When  you  are  required  to 
perform  maintenance  on  these  systems,  you  must 
know  the  requirements  for  paralleling,  as  well  as 


the  actual  paralleling  procedure  you  should  fol- 
low. 

13-3.  A  generator  control  system  provides 
both  control  and  protection  for  the  dc  generator 
throughout  its  operating  range,  from  no  load  to 
full  load.  With  this  in  mind,  let's  discuss  the 
single-generator  system  and  see  how  control  and 
protection  are  provided. 

13-4.  Single-Generator  Control  System,  The 
single-generator  control  system  regulates,  con- 
trols, and  protects  the  generator.  You  may  find 
the  essential  units — reverse-current  relay,  field 
control  relay,  overvoltage  relay,  and  the  voltage 
regulator — at  various  locations  on  the  aircraft  or 
as  parts  of  an  elaborate  control  system  contained 
in  a  single  box  mounted  on  an  assembly  rack, 
and  called  a  generator-control  panel.  Both  sys- 
tems provide  the  necessary  control  and  protec- 
tion. 

13-5.  Figure  39  shows  a  typical  single-genera- 
tor control  system  with  all  the  necessary  control 
system  components.  The  system  afeo  contains  an 
ammeter,  a  failure  light,  and  a  voltmeter,  all  of 
which  provide  the  crew  with  a  means  of  monitor- 
ing the  system. 

13-6.  The  vokmeter  is  shown  connected^  di- 
rectly to  one  side  of  the  generator  switch,  but  in 
some  installations  it  may  be  connected  directly 
to  the  GEN  terminal  of  the  reverse -current  relay. 
This  voltmeter  is  a  general  reference  instrument 
and  should  never  be  used  when  making  adjust- 
ments of  the  system  voltage.  The  generator 
switch  provides  the  pilot  with  manual  control 
over  the  generator  system. 

13-7,  Initial  power  For  the  generator  system 
shown  in  figure  39,  when  the  battery  switch  is 
closed  (ON  position),  28  volts  dc  from  the  bus 
will  be  applied  to  H  on  the  M-2  relay,  P,on  the 
E-2  relay,  and  terminal  2  on  the  generator 
switch.  The  necessary  initial  power  is  now  ap- 
plied to  the  generator  control  system.  The  pur- 
pose of  this  initial  power  is  to  provide  trip  power 
in  the  event  of  an  overvoltage  condition,  and 
apply  a  positive  dc  potential  to  the  generator 
field. 

13-8.  Reverse-current  relay.  As  the  engine 
starts  and  the  generator  comes  up  to  speed,  gen- 
erator output  is  applied  to  the  GEN  terminal  of 
the  RCR.  The  generator  output  could  be  residual 
or  its  rated  output,  28  volts  dc.  If  .the  field 
circuit  is  complete  (M-2  relay  closed)  and  the 
generator  switch  is  on,  the  generator  output  is 
28  volts  dc,  and  the  generator  is  automatically 
connected  to  the  aircraft  bus  through  the  reverse- 
current  relay  (RCR). 

13-9.  After  the  generator  is  connected  to  the 
bus,  suppose  its  output  voltage  should  drop  below 
battery  voltage;  current  would  then  flow  from 
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the  battery  to  the  generator.  This  reverse  current 
could  damage  the  generator  windings.  Uj^ider 
thpse  conjli^ons  the  generator  would  be  removed 
from  t6e>bus.  This  reversal  of  polarity  causes 
the  differential  relay  contacts  to  open,  and  thus 
open  the  contactor  coil  circuit.  The  spring-loaded 


main  contactor  points  would  then  open  and  in- 
terrupt the  reverse  flow  of  current  through  the 
generator,  > 

13-10.  Field  circuit.  Generator  output  voltage 
is  maintained  constant  throughout  its  operating 
range  by  the  voltage  regulator  (VR).  Figure  39 


SHUNT 


BUS  BATT 

SW  / 


FAlUUf^E 
LIGHT 


GEN 
SW 


RELAYS  SHOWN  IN  RESET  POSITION 

M-2 


CSC  7407 


Figure  39.   Single  genei-ator 
53 


ERIC 


3U4 


shows  how  the  field  circuit  is  powered  from  the 
GEN  terminal  of  the  RCR  to  the  voltage  fegu- 
lator  (VR)  through  the  carbon  stack,  then  on 
through  the  field  control  relay  (M-2)  to  the  A 
terminal  on  the  generator.  The  current  flow  in 
the  field  circuit  is*  controlled  by  the  carbon  stack. 
Any  change  in  speed  or  load  will  affect  the 
carbon  stack  resistance  and  in  turn  the  generator 
output  voltage. 

13-11.  M-2  field  control  relay.  The  generator 
field  circuit  is  routed  through  the  M-2  relay  be- 
tween terminals  P  and  N.  Any  time  an  overvolt- 
age  condition  exists,  the  E-2  overvoltage  relay 
will  trip  the  M-2  relay  and  qpcn  the  field  and 
switch  circuits.  This  will  cause  the  generator  ' 
voltage  to  drop  to  residual,  and  the  RCR  will  re- 
move the  generator  from  the  aircraft  bus.  The 
M--2  relay  will  also  cause  the  generator  failure 
light  to  glow.  The  M-2  relay  can  be  reset  by  the 
generator  switch  or  manually  be  a  reset  button 
on  the  relay  itself.  (See  fig.  39.) 

13-12.  £-2  overvoltage  relay.  This  relay 
senses  the  generator  outpyt  voltage.  Figur6  39 
shows  the  sensing  circuit  connected  from  S  ter- 
minal of  E-2,  through  the  ON  position  of  the 
GEN  switch,  to  the  B  terminal  of  the  voltage 
regulator  (VR).  Thus,  you  find  that  the  E-2 
relay  is  always  connected  to  the  output  of  the 
generator.  If  the  generator  output  voltage  in- 
creases to  a  predetermined  value  (approximately 
32.5  volts)  due  to  some  circuit  fault,  the  contacts 
between  P  and  T  (E-2  relay)  close.  When  these 
contacts  close,  28  volts  from  the  aircraft  bus  is 
applied  to  G  on  the  M-2  relay,,  and  the  M-2 
relay  trips.  The  generator  is  removed  from  the 
aircraft  bus  in  the  same  manner  as  previously 
described. 

13-13.  This  completes  the  discussion  of  the 
single-generator  control  system.  You  should  be 
familiar  enough  with  the  circuitry  of  the  single- 
generator  control  system  to  troubleshoot  the  sys- 
tem. We  will  cover  this  operation  later  in  another 
section  of  this  volume.  To  be  sure  that  you  know 
and  understand  the  |jngle-generator  control  sys- 
tem, trace  the  operation  of  each  component  once 
more  pn  figure  '39. 

13-14.  IVfuIti«Generator  Control  Systenu  This 
system  performs  the  same  functions  as  the  single- 
enmne  control  system.  Except  for  one  feature,  it 
is^a  duplication  of  the  single-generator  control 
system.  Each  multi-generator  control  system  has 
an  equalizer  circuit.  This  circuit  parallels  the 
generators;  it  Insures  that  each  generator  will 
carry  its  share  of  the  load.  This  is  called  equaliz- 
ing the  amperage  output  of  each  generator  in 
relation  to  the  current  output  of  the  other  gener- 
ators connected  to  the  power  bus  when  a  dc  load 
is  applied. 


13-15.  Parallel  operation.  When  two  or  more 
generators  are  operated  at  the  same  time  to  fur- 
nish current,  it  is  necessary  that  each  generator 
furnish  an  equal  part  of  the  total  load.  As  long 
as  all  the  generators  are  operating,  thei:e  is  na 
sense  in  having  one  doing  all  the  work  and  the 
others  loafing  on  the  job;  then,  too,  by  distrib- 
uting the  load  equally,  the  wear  is  divided  among 
the  generators. 

13-16.  When  two  generators,  as  shown  in  fig- 
ure 40,  are  supplying  equal  amounts  of  current 
to  the  load,  the  currents  through  the  equalizing 
resistors  (j)  are  equal,  and  the  voltage  drop 
across  both  c;qualizing  resistors  is  the  same ; 
therefore,  the  ffotential  at  both  generator  D  ter- 
minals is  the  same.  This  represints  the  ideal  op- 
erating condition.  When  the  current  outputs  from 
'the  generators  become  unequal,  a  difference  in 
potential  exists  at  the  D  terminals.  Remember 
that  a  current  flows  any  time  there  is  a  difference 
in  potential  and  a  complete  electrical  circuit  be- 
tween the  points.  This  small  difference  in  voltage 
is  responsible  for  the  operation  of  the'  equalizer 
circuit. 

13-17.  All  voltage  regulators  have  an  equal-  • 
izer  coil  wound  around  the  magnetic  c3re  of  the 
voltage  coil.  The  equalizer  coil  consists  of  a 
comparatively  few  turns  of  small  wire,  the  ends 
of  which  are  connected  to  the  D  and  K  terminals 
of  the  regulator  subbase,  as  shown  in  figure  40. 
Since  current  may  flow  through  the  equalizer 
coil  (F)  in  either  direction,  the  polarity  produbcd 
by  the  equalizer  coil  depends  on  the  direction  of 
current  flow.  When  current  flows  in  one  di|&c- 
tion  through  this  coil,  the  polarity  of  the  equalizer 
coil  opposes  the  polarity  produced  by  'current 
flow  through  the  voltage  coil,  thereby  reducing 
the  magnetic  strength  of  the  coil  core.  This  re- 
duction in  the  effective  magnetic  strength  of  the 
coil  core  allows  the  spring  to  compress  the  carbon 
pile,  with  the  result  that  more  current  flows  , 
through  the  shomt  field  of  the  generator  and 
causes  the  generator  voltage  to  increase.  Con- 
versely, when  the  current  flows  through  the 
equalizer  coils  (F)  in  the  opposite  direction,  its 
magnetic  polarity  is  the  same  as  that  of  ^e  volt- 
'  age  coils  (H);  thus  the  magnetic  streng^l  of  the 
jcore  is  increased.  The  added  strength  >of  the 
maignetic  core  decreases  the  spring  pressuAc  on 
the  carbon  pile  and  thereby  decreases  the  field 
current  and  consequently  the  generator  output 
voltage.  Thus,  we  find  that  the  direction  of  the 
current  flow  in  the  equalizer  coil  (F)  determines 
whether  the  voltage  of  its  generator  will  increase 
or  decrease,  and  wc  should  also  understand  that 
the  amount  of  current  flowing  in  the  equalizer 
circuit  governs  the  amount  of  change  that  occurs 
^in  the  generator  voltage  output.  Since  the  equal- 
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Figure  40.   Multi-generator  equalizer  circuit 


izer  normally  can  raise  or  lower  the  voltage  of  a 
generator  only  0.3  volt,  the  voltage  regulators 
first  must  be  used  to  adjust  the  voltage  outputs 
of  their  respective  generators  as  closely  as  possi- 
ble to  enable  the  equalizer  coils  to  maintain 
parallel  operation. 

13-18.  If  one  generator  of  a  paralleled  system 
becomes  inoperative,  there  is  no  current  flow 
through  ih  equalizing  resistor  (J),  consequently, 
the  voltage  at  the  D  terminal  of  that  generator 
would  be  the  same  as  if  it  were  not  sharing  the 
load  distribution.  The  cQrrent  flow  in  the  equal- 
izer circuit  would  be  such  ^s  to  reduce  the  voltage 
of  the  operative  generator  by  as  much  as  2  or  3 
volts  when  large  electrical  loads  are  applied.  To 
prevent  this  highly  undesirable  condition,  the 
equalizer  circuit  of  the  faulty  generator  must  be 
interrupted.  This  has  been  accomplished  in  some 
installations  by  physically  removing  the  regulator 
of  the  inoperative  generator  system  from  its  base. 
Some  installations  pass  the  **k"  lead  through  one 
side  of  a  double  pole  switch,  as  shown  in  fig.  40, 
the  other  side  of  which  controls  the  operation  of 
the  corresponding  reverse-current  relay.  Open- 
ing the  generator  switch  then  automatically  opens 
the  "k"  lead  and  prevents  the  drop  of  bus  voltage 
,  when  the  generator  becomes  inoperative.^  In  sys- 
tems that  incorporate  the  field  control  relay,  the 


equalizer  circuit  is  completed  through  a  set  of 
normally  closed  contacts  that  open  in  the  event 
of  an  overvoltage  condition.  If  an  overvoltage 
condition  occurs  lii  a  system  not  having  this  pro- 
tective equipment,  a  current  would  flow  through 
the  equalizer  circuit  in  such  a  manner  as  to 
reduce  the  voltage  of  the  high-current  genera- 
tor(s).  If  the  field  control  relay  is  actuated  by 
an  overvoltage  condition,  the  equalizer  circuit 
for  that  generator  is  automatically  opened^  and 
so  does  not  have  any  adverse  effect  on  the  oper- 
ation of  the  ^remaining  generators. 

13-19.  Paralleling  procedure.  After  you  have 
made  the  voltage  regulator  adjustments,  increase 
the  speed  of  alLengines  to  their  normal  cruising 
range  and  close  ^11  generator  switches.  Next, 
apply  an  electrical  load,  such  as  lighting  equip- 
ment, inverters,  and  radio  equipment,  equivalent 
to  approximately  jhe  full-load  rating  of  one  gen- 
erator. In  some  aircraft,  the  ratio  of  generator 
capacity  ig  normal  aircraft  load  is  so  great  that  it 
may  be  difficult  to  turn  on  enough  equipment  to 
obtain  the  above  specified  loads.  In  those  in- 
stances, turn  on  as  much  equipment  as  possible. 
Next,*  observe  ammeter  readings.  The  difference 
between  the  highest  and  lowest  generator  cur- 
rents should  not  exceed  TO  specifications.  If  the 
generators  are  not  dividing  the  load  properly, 
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first  lower  the  voltage  of  the. generator  providing 
the  greatest  amount  of  current,  and  sli^tly  raise 
the  voltage  of  the  lowest  current-pr  Klucing  gen- 
erator by  adjusting  the  correspor  iing  voltage 
regulators.  Exercise  care  not  to  change  the  volt- 
age to  any  great  extent.  After  you  have  made 
all  voltage  adjustments,  ' make  a  final  check  of 
the  bus  voltage  by  connecting  the  precision  volt- 
meter from  the  positive  bus  to  ground.  The  volt- 
meter should  read  28  0.25  volts.  If  the  bus 
voltage  is  not  within  these  limits,  readjust  all 
voltage  regulators  individually  for  28  volts  at  no 
load,  and  then  repeat  the  paralleling  process. 

13-20.  In  some  aircraft  installations,  remote 
control  of  the  voltage  regulators  is  required.  This 
means  that  the  rheostat  must  be  electrically  sepa- 
rated from  the  voltage  regulator.  To  keep  all 
voltage  regulators  interchangeable,  the  voltage- 
adjusting  rheostat  is  not  physically  removed  or 
disconnected;  instead,  remote  control  is  accom- 
plished by  turning  the  rheostat  on  the  regulator 
assembly  to  its  minimum  resistance  position  and 
inserting  another  variable  resistance  in  series 
with  it.  Th^^remotely  located  rheostat  may  then 
be  positioned  in  any  convenient  location.  The 
primary  purpose  of  this  remote  control  arrange- 
ment is  to  provide  a  voltage  adjustment  near  the 
ammeters  to  facilitate  paralleling  of  the  genera- 
tors on  aircraft  using  t\yo  or  more  generators. 
The  rheostat  on  the  voltage  regulator  assembly 
must  not  be  used  for  making  the  voltage  adjust- 
ments in  installations  with  remote  control  rheo- 
stats. 

13-  21.  Generator  control  panel.  In  the  past 
few  years,  it  has  been  the  tendency  to  bring  all 
of  the  individual  circuit-controlling  devices  back 
into  or  onto  one  common  unit.  This  unit  is,  now 
called  a  generator  control  panel.  The  entire  con- 
trol panel  is  mounted  so  that  it  may  be  replaced 
very  easily  in  the  event  of  failure  or  malfunction 
of  any  one  of  its  components.  A  generator  con-  ^ 
trol  panel  is  a  device  associated  with  t^e  newer 
generator  installations.  The  purpose  of  the  panel 
is  to  provide  a  compact  installation  that  includes 
most  of  the  various  relays  and  voltage  regulators. 
Obviously,  such  a  cofnpact  arrangement  should 
facilitate  the  testing,  troubleshooting,  servicing, 
removal,  and  installation  of  these  components. 

14.  DC  Generator  System  Troubleshooting 

14-  1.  Aircraft  must  be  kept  at  their  highest 
efficiency  at  all  times.  Since  most  combat  equip- 
ment is  electrically  operated,  the  power  system 
'must  be  kept  in  perfect  operating  condition.  In 
addition  to  the  combat  equipment,  the  flight  con- 
trols, radio,  lights,  guns,  and  many  other  devices 
are  also  dependent  upon  the  electrical  system. 
There  are  three  sources  of  dc  power  for  the 


electrical  system:  the  battery,  the  ac  generator 
through  a  T-R  system  and  a  dc  generator.  In 
this  chapter  our  discussion  will  be  limited  to  the 
dc  generator  system.** 

14-2.  Troubles  may  develop  at  any  time  in  a 
properly  maintained  generator  system,  but  they 
are  more  likely  to  occur  when  operating^e  air- 
craft under  the  tremendous  loads  of  comb^  con- 
ditions. In  order  to  keep  the  system  at  its  highest 
peak  of  efficiency,  it  is  essential  that  the  eltfi^- 
cal  repairman  be  able  to  recognize,  diagnoSe, 
and  eliminate  troubles  from  the  system  at  the 
earliest  possible  moment.  In  order  to  maintain 
and  troubleshoot  the  generator  system,  you,  the 
electrical  mechanic,  miist  intelligently  apply  your 
technical  knowledge  of  eacfi  unit  in  the  system. 

14-3.  Generator  Lead  Identification,   To  aid 
m  troubleshooting  and  general  work  with  genera- 
tors, the  aircraft  electricians  have  developed  a 
code  of  their  own  which  is  used  to  designate  the 
various  wires  of  the  generator  circuit.  The  capital 
letters  "B"  and  "E"  are  assigned  to  the  large- 
diameter  wires  which  connect  the  B  terminal  of 
the  generator''  to  the  GEN  terminal  of  the  re- 
verse-current relay,  and  the  E  terminal  of  the 
generator  to  the  ground,  respectively.  The  lower- 
case "b**  is  used  to  designate  the  small-diameter 
wire  which  connects  the^GEN  terminal  of  the 
reverse-current  relay  to  the  B  terminal  of  the 
voltage  regulator  mounting  base.  The  "a"  lead 
is  the  small  'wire  that  connects  the  A^terminal  of 
the  voltage  regulator  base  to  the  A  terminal  of 
the  generator.  The  "g"  lead  is  the  small  lead 
that  completes  the  circuit  between  the  G  terminal 
of  the  regulator/  base  and  the  ground.  Similarly, 
in  multigenerator  installations,  the  "d"  and  "k" 
leads  are  the  small  wires  which  connect  the  D 
terminal  of  the  generator  to  the  corresponding 
voltage  regulator  base,  and  the  K  terminal  of  one 
regulator  base  to  the  K  terminals  of  the  other 
regulator  bases. 

14-4,  Generator  Trouble  Indications,  Trouble- 
shooting starts  with  the  cockpit  voltmeter  and 
ammeter^  because  these  instruments  arc  wired 
into  the  circuit  so  that  they  give  the  pilot  or 
engineer  a  continuous  check  on  the  output  of 
each  of  the  installed  generators.,  A  normal  volt- 
meter reading  is  28  volts  and  any  deviation  from 
this  fig;ure  indicates  that  a  fault  exists  somewhere 
in  the  system.  A  voltage  indication  that  is- only 
slightly  higher  or  lower  than  the  normal  voltage 
could  mean  that  the  voltage  regulator  needs  ad- 
justment. Four -types  of  voltage  readings  which 
/indicate  serious  trouble  are:  (1)  a  reverse  volt- 
age reading,  (2)  a  zero  voltage  reading,  (3)  a 
residual  voltage  reading,  and  (4)  an  excessive 
voltage  reading. 
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^  Figure  41.    Voltmeter  troubleshooting. 

14-5.J3eforc  an  intelligent  diagnosis  can  be 
made,  you  must  know  what  the  desirable  voltage 
output  of  the  generator  is  under  normal  condi- 
tions, as  ^ell  as  the  various  causes  of  "abnormal 
volt^ige  readings.  Since  abnormal  voltmeter  read- 
ings tend  to  show  the  location  of  tfie  troubles  in 
particular/ parts"  of  the  cirfcuit,  you  will  find  it 
helpful  to  learn  the  following  generalized  causes 
of  certain  abnormal  voltages.  If  the  cockpit  volt- 
meter shows  an  abnormal  voltage,  the  first  thing 
to  do  is  to  connect  a  precision  voltmeter  into  the 
circuit  so  that  it  is  connected  between  B  germinal 
of  the  voltage^  regulator  base  and  ground.  This 
insures  that  the  cockpit  voltmeter  is  giving  a  true 
jndicAUon  jof  Jhe  oj)eration_of  the  sy^teni. 

14-6.  Reverse  voltage  readings.  This  type  of 
voltmeter  reading  shows  that  the  generator  volt- 
age output  is  reversed  or  that  the  voltmeter  is 
connected  incorrectly.  A  quick  check  with  an- 
other voltmeter  connected  between  B  terminal  of 
the  voltage  regulator  base  and  ground,  will  show 
whether  the  voltmeter  or  the  generator  is  at  fault. 
If  the  voltmeter  has  been  replaced  recently,  there 
is  a  strong  likelihood  that  the  leads  to  the  new 
instrument  were  placed  on  the  wrong  terminals. 
If  the  generator  has  just  been  replaced  with  a 
new  unit,  it  is  possible  that  the  "B"  and  *'Er  leads 
at  the  generator  have  been  reversed.  If  neither 
of  the  units  has  been  replaced  recently,  the  only 
possibility  remaining  is  that  the  generator  polar- 
ity has  been  reversed. 

14-7.  You  can  correct  reversed  generator  po- 
larity by  flashing  the  field.  You  accomplish  this 
by  momentarily  connecting  a  small-diameter  wi?e 
between  the  A  terminal  of  the  voltage  regulator 
base  with  the  regulator  assembly  removed,  and 
a  positive  source  of  voltage  (fig.  41)  while  the 
engine  is  running  at  an  idling  speed.  This  passes 


a  current  througji  the  shunt  field  coils/  in  such  a 
direction  as  to  restore  the^n^agnetism -Ito  its  cor- 
rect polarity.  If  the  cJockpi't  voltmeiei\is  ^visible 
during  this  process,  you  should  n6te  a^^^vcdiage^ 
reading  during  the  field-flashing  process  because 
the  armature  rotates  in  the  magnetic  field  pro- 
duced by  this  current  flow.  The  voltage  reading 
should  decrease  to  a  residual  value  as  the  jumper 
wire  i^  removed. 

14-8.  Residual  voltage  readings.  When  the 
generator  is  producing  residual  voltage,  which 
ranges  from  0.5  to  2  volts  in  value,  the  trouble 
must  be  in  the  field  circuit.  Since  the  voltage 
is  no  more  than  that  which  could  be  produced  by 
the  armature  cutting  the  residual  magnetism  of 
the  field  pole  pieces,  it  is  only  logical  to  assume 
that  the  trouble  must  be  due  to  the  lack  of  a 
current  flow  through  the  shunt  field  of  the  gener- 
ator. 

1^9.^  Zero  Voltage  readings.  With  a  coclcpit 
voltmeter  reading  of  zero  volts,  you  should  ex- 
pect a  trouble  which  would  prevent  the  generator 
from  producing  any  voltage,  or  which  would 
cause  the  circuit  to  the  cockpit  voltmeter  to  be 
incomplete.  A  quick  check  with  another  volt- 
meter will  show  whether  the  voltmeter  circuit  is 
at  fault,  or  whether  the  trouble  lies  elsewhere. 

14-10.  A  zero  generator  voltage  indicatio.i  on 
the  cockpit  voltmeter  can  be  caused  by  an  open 
**B"  lead,  an  open  **b''  lead,  a  short  between 
'^B"  and  **E,"  or  faults  within  the  generator,  such 
as  the  loss  of  residual  magnetism,  poor  commu- 
tation, or  grounded  positive  brushes.  All  of  these 
troubles  will  prevent  the  generator  from  develop- 
ing a  potential,  or  the  voltmeter  from  indicating 
a  potential. 

14-11.  Excessive  voltage  readings.  Excessive 
voltage  conditions  are  caused  by  a  complete  lack 
of  regulation  of  the  cultcnt  flowing  through  the 
shunt  fields.  A  short  circuit  between  the  B  and 
A  terminals  at  either  the  generator  or  regulator 
terminals  or  between  the  **B"  or  *'b"  lead  and 
the  **a"  lead,  would  provide  a  low-resistance  path 
for  current  to  flow  in  parallel  with  the  carbon 
stack.  *It  would  allow  full  generator  voltage  to 
be  applied  to  the  shunt  field,  resulting  in  an 
excessive  voltage  condition.  Other  reasons  for 
excessive  voltage  include  an  open  in  the  voltage 
coil  circuit  of  the  voltage  regulator  or  an  open 
*'g"  lead  which  connects  the  G  terminal  of  the 
voltage  regulator  mounting  base  to  the  ground. 

14-12.  Removal  of  the  voltage  regulator  as- 
sembly from  its  mounting  base  while  the  trouble 
exists  is  one  quick  way  of  determining  approxi* 
mately  where  the  trouble  lies.  When  the  voltage 
regulator  is  removed,  the  shunt  field  current 
should  be  interrupted  and  the  voltage  should 
normally  decrease  ta  a  residual  voltage  value. 
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Figure  42.    Single-engine  generator  instalUtion. 

If  the  trouble  lies  in  the  voltage  regulator  or  the 
"g*'  lead,  when  the  voltage  regulator  is  removed, 
the  system  voltage  will  drop  to  its  residual  value. 
If  the  trouble  is  a  short  circuit  in  parallel  with 
the  regulating  resistance,  the  trouble  will  pcrsist^^ 
when  the  regulator  assembly  is  removed  and  the? 
voltage  wfU  continue  to  |?e  excessive.  If  you 
know  the  general  nature  of  the  trouble,  your  ntit 
step  is  to  locate  and  eliminate  it  from  the  system. 

14-13.  Troubleshooting  by  Use  of  a  Voltmeter. 
The  process  of  locating  troubles  in  the  generator 
system  is  made  easier  not  only  by  taking  volt- 
meter readings  between  some  of  the  terminals 
and  the  ground,  but  also  by  taking  voltmeter 
readings  between  specific  terminals.  Figure  42 
shows  a  typical  single-engine  generator  system 
which  we  will  use  as  a  basis  for  explaining  the 
voltage  readings  obtained  at  and  between  the 
various  terminals,  as  shown  in  table  3. 

14-14.  To  obtain  the  readings  shown  in  the 
table  3,  a  particular  generator  was  driven  at  the 
same  rpm  with  each  trouble  in  the  circuit.  A 
no-load  condition  also  existed  as  would  be  the 


case  in  the  event  of  a  trouble  in  the  circuit.  The 
voltage  readings  for  other  types  and  models  of 
generators  vary  from  the  values  shown,  but,  these 
suffice  to  demonstrate  the  method  for  systemat- 
ically locating  the  trouble.  All  voltage  readings 
were  taken  with  the  generator  running  and  the 
voltage  regulator  assembly  mounted  on  its  base. 

14-15.  At  this  point,  let  us  again  remind  you 
that  the  voltmeter  measures  the  difference  in  po- 
tential between  the  two  points  to  .  which  it  is 
connected.  If  the  potential  at  both  terminals  of 
the  voltmeter  is  exactly  the  same  with  respect 
to  some  other  point,  the  meter  registers  zero 
volts;  but  if  there  is  a  difference  in  voltage,  the 
meter  indicates  the  difference  in  emf  and  not  the 
voltage  present  at  either  of  the  terminals. 

14-16.  One  more  word  of  explanation  may  be 
helpful  at  this  point.  In  table  3  the  first  two 
check-points  mentioned  is  assumed  to  be  the 
positive  terminal.  The  voltmeter  positive  lead 
should  be  connected  to  it  and  the  voltmeter  nega- 
^tive  lead  connected  to  the  second-mentioned  ter- 
minal or  other  reference  point. 

14-17,  Case  Nr.  L  The  voltage  readings  re- 
corded for  thisT  case  were  taken  from  a  normally 
operating  getierator  installation  for  reference 
purposes.  The  cockpit  voltmeter  registers  28 
volts,  indicating  that  the  regulating  equipment  is 
performing  normally. 

14-18.  At  the  voltage  regulator  the  voltage  is 
always  checked  between  the  B  terminal  and  the 
ground  (structure),  and  then  between  B  and.G 
terminals  of  the  mounting  base.  If  no  trouble 
exists  in  the  circuit,  the  same  voltage  should  be 
noted  in  these  checks  as  has  been  shown  on  the 
cockpit  voltmeter.  The  second  part  of  the  check 
(between  B  and  G  terminals)  is  for  the  purplose 
of  checking  the  **g**  lead.  If  the  wire  is  intact, 
there  is  the  same  difference  in  potential  between 
B  and  G  terminals  as  there  is  between  the  B 
terminal  and  the  ground.  Should  the  **g"  wire 
be  broken,  terminals  B  and  G  would  be  at  the 
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same  potential,  and  the  voltmeter  connected  be-* 
twcen  them  would  indicate  zero  volts.  The  next 
check  is  from  A  terminal  to  ground  and  then 
between  A  and  G  terminals.  With  this  check 
you  can  be  certain  that  the  carbon  pile  is  offering 
some  resistance  (p  the  flow  of  current,  because 
the  voltage  at  A  terminal  should  be  somewhat 
less  than  that  available  at  B  tenninal. 

14-19.  By  connecting  the  positive  terminal  of 
the  voltmeter  to  the  B  terminal  and  the  negative 
terminal  to  the  A  terminal,  we  should  be  able  to 
measure  the  voltage  that  is  being  expended  to 
push  the  current  through  the  field  resistance  pf. 
the  regulating  unit.  /^  < 

14-20.  The  next  check  in  the  sequence  is  to 
connect  the  voltmeter  between  the  G  tenninal  of 
the  voltage  regulator  base  and  the  ground  (struc- 
ture of  the  aircraft).  Normally  these  two  points 
are  connected  by  an  electrical  conductor  (the 
"g"  lead)  and  are  therefore  at  the  same  potential, 
so  the  voltmeter  should^  register  zero  volts. 

14-21.  The  next  check  is  made  by  connecting 
the  troubleshooting  voltmeter  between  the  GEN 
terminal  of  the  reverse-current  relay  and  the 
ground.  With  everything  operating  normally, 
there  should  be  the  same,  pr  a  slightly  higher 
voltage  indicated  here  than  was  registered  on 
the  voltmeter  when  it  was  connected  between  the 
B  terminal  and  the  ground  at  the  voltage  regula- 
tor base. 

14-22.  From  this  point,  proceed  directly  to 
the  generator  to  finish  the  checks.  The  first  check 
is  between  B  and  E  terminals,  where  you  should 
note  a  voltage^ that  is  equivalent  to  that  previ- 
ously measured  between  B  and  the  ground  at  the 
voltage  regulator.  Tiowever,  the  voltage  at  B 
and  E  may  be  slightly  higher  to  compensate  for 
the  emf  loss  due  to  the  resistance  of  the  power 
distribution  1:ircuit.  The  second  check  is  between 
A  and  E  terminals.  This  voltage  should  be  ap- 
proximately the  same  as  that  prevKUisly  meas- 
ured between  A  terminal  and  ground  at  the  volt- 
age regulator  base.  The  third  check  is  between 
B  and  A  terminals  of  the  generator.  Again,  the 
voltage  at  these  terminals  is  found  to  be  the 
same  as  that  between  terminals  B  and  A  at  the 
voltage  regulator  mounting  base. 

14-23.  The  last  three  columns  of  table  3  are 
troubleshooting  voltmeter  readings  taken  at  and 
between  the  terminals  of  the  cockpit  yoltmeter. 
Such  readings  are  useful  in  those  cases  where  the 
installed  meter  indicates  some  voltage  other  than 
that  CThich  is  present  in  the  system.  As  shown, 
the  voltage  is  checked  between  the  positive  ter- 
minal and  the  ground  and  between  the  positive 
and  the  negative  terminals.  The  troubleshooting 
meter  should  register  the  system  voltage  in  the 


first  check,  zero  volts  in  the  second  location,  and, 
finally,  system  voltage  again  in  the  third  check  if 
all  circuit  components  are  complete.  If  all  read- 
ings ^re  normal  and  the  installed  meter  still  fails 
to  register,  any  trouble  must  be  within  the  meter, 
14-24.  Case  Nr,  2,  In  this  case  the  first  ^trou- 
ble indication  is  a  zero  reading  on  the  cocl^pit 
voltmeter.  A  quick  check  with  the  troubleshoot- 
ing meter  shows  that  the  voltages  throughout  the 
system  are  normal  until  th/  installed  meter  is 
reached.  When  making  the  check  between  the 
positive  terminal  and  ground  at  the  meter,  the 
reading  is  zero  volts.  Identical  readings  are  ob- 
tained between  the  negative  terminal  and  the 
ground,  and  between  the  positive  and  negative 
terminals.  A  quick  look  back  at  figure  42,  which 
you  should  be  thoroughly  familiar  with,  shows 
that  a  wire  connects  the  positive  terminal  of  the 
voltmeter  to  B  terminal  of  the  voltage  regulator 
base  at  ^which  28  volts  had  previously  been 
noted.  If  .this  .connecting  wire  were  complete, 
the  same  voltage  should  be  present  at  .the  positive 
terminal  of  the  voltmeter.  The  zero  reading  at 
the  positive  terminal  of  the  voltmeter  indicates^ 
that  the  voltmeter  positive  lead  is  open. 

14-25.  Case  Nr,  J.  Once  again 'a  discrepancy 
exists  between  the  reading  of  the  installed  volt- 
meter and  the  readings  noted  during  the  sys/em- 
atic  check  with  the  troubleshooting  voltmete/  Al- 
though the  reading  on  the  installed  meter  i^  zero, 
the  test  meter  shows  that  the  voltages  throughout 
the  system  are  normal  up  to  the  terminals  of  the 
installed  meter.  There  is  28  volts  at  the  positive 
terminal,  zero  volts  between  the  negative  termi- 
nal and  the  ground,  and  28  volts  again  when  the 
test  meter  is  connected  between  the  positive  and 
negative  terminals  of  the  questionable  meter.  In 
other  words,  there  is  voltage  to  the  meter.  The 
negative  wire  is  complete;  otherwise  no  reading 
would  have  been  evident  in  the  last  check.  Thus 
the  only  place  where  trouble  can  exist  is  within 
the  installed  meter.  Removal  and  replacement 
of  the  meter  will  correct  this  discrepancy. 

14-26.  Case  Nr.  4.  For  this  condition  the  zero 
reading  on  the  cockpit  voltmeter  was  substanti- 
ated by  similar  readings  on  the  test  meter  when 
it  was  connected  to  and  between  the  terminals  of 
the  voltage  regulator  mounting  base.  Further 
checks  between  the  GEN  terminal  of  the  reverse- 
current  relay  and  the  ground  indicate  a  small 
voltage  which  is  easily  identified  as  residual  volt- 
age.t  The  fact  that  there  is  a  voltage  nere  indi-? 
cates  that  the  generator  is  capable  of  producing  a 
voltage  if  properly  excited.  It  also  indicates  that 
the  **B"  and  **E"  leads  of  the  generator  forrfi 
complete  circuits;  otherwise  it  would  not  have 
.been  possible  to  complete  the  circuit  for  the  test 
voltmeter.  Although  the  cockpit  voltmeter  reads 
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zero  vol^,  the  troubleshooting  procedure  re- 
vealed n©^  voltage  at  the  voltage  regulator  base. 
Thinking  again  about  the  circuit,  you  can  reason 
that  the  only  difficulty  which  could  cause  this  set 
of  circumstances  is  an  open  "b"  lead, 

14-27.  Case  Nr,  5,  In  this  case  the  excessive 
voltage  indicated  on  the  cockpit  voltmeter  shows 
that  there  is  a  definite  Mack  in  control  over  the 
current  flowing  through  the  shunt  fiel'd  circuit. 
Tho  voltmeter  checks  from  terminal  B  to  ground 
and  then  from  terminals  B  to  G  show  30±.  volts 
indications,  so  the  possibility  of  the  previous 
trouble  has  been  eliminated.  The  first  clue  as  to 
the  exact  nature  of  the  trouble  comes  to  light 
'when  the  troubleshooting  meter  is  connected  be- 
tween terminals  B  and  A.  You  know  that  there 
is  current  flowing  in  the  "a"  lead;  otherwise  there 
would  be  no  excessive  voltage  indicated  on  the 
cockgit  voltmeter.  You  also  know  that  the  car- 
bon pile  is  a  resistance.  If  a  current  flows 
through  a  resistance,  there  must  be  a  difference 
in  potential  between  the  two  ends  of  the  resist- 
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Figure  43.  Ohmctcr  troubleshooting. 


ance.  When  the  troubleshooting  voltmeter  is  con- 
nected across  the  resistance,  between  terminals 
B  and  A  of  the  regulator,  there  is  no  vo.ltage  in- 
dicated, so  the  two  points  must  be  at  the  siyne  po- 
tential with  respect  to  the  ground.  You  may 
wonder  how  this  cdn  be.  The  explanation  is 
simple.  According  to  the  observed  voltmeter 
reading,  there  is  no  resistance  between  termrnals 
B  and/A;  therefore,  a  short  circuit  must  exist 
somewhere  in  the  circuit  between  B  and  A.  This 
condition  would  "place  both  points  at  the  same 
potential  and  provide  a  path  for  th^c  field  current^ 
to  flow  around 'thp  regulating  resistance  rather 
than  through  it.  Obviously  the  voltage  regulator 
would  have'^no^  control  over  the  field  current  or 
the  voltage  output  of  the  generator.  , 

14-28.  Troubleshooting  by  Use  of  an  Ohmmeter. 
When  trouble  developes  in  an  aircraft  electrical 
circuit  where  pow^r  is  furnished  only  by  the  air- 
craft generator,  the  ohmmeter  is  the  most  practi- 
cal instrument  to  use  for  locating  the  trouble. 

.Caution:  When  you  check  aay  circuit  with  an 
ohmmeter,  be  sure  that  the  battery  switch  is  in 
the  OFF  position  and  that  the  generator  is  not 
running.  The  circuit  being  checked  by'the^  ohm- 
meter must  hav?  no  source  of  electrical  ^^ower 
other  than  that  contained  in  the  ohmmeter  itself. 
You  will  find  it  most  convenient  to  Check  the 
generator  circuit  at  the  voltage  regulator  base 
while  the  voltage  regulator  is  removed. 

14-29.  Check  Nr.  L  The.  first  check  you 
make  is  to  connect  the  ohmmeter  to  terminals  B 
and  G  of  the  voltage  regulator  base.  In  this  way 
you  are  checking  the  continuity 'and  measuring 
the  resistance  from  B  on^  the  regulator  to  the 
GEN  terminal*  of  tho  RCR;  through  the  genera- 
tpr  (B-E)  to  ground  and  from  ground  to  E  on 
the  regulator  base,  as  shown  in  part  A  of  figure 
43.  The  resistance  of  the  circuit  as  indicated  on 
the  ohmmeter  is  approximately  one-half  of  an 
ohm.  No  definite  value  can  be  cited  because  the 
resistance  of  the  circuit  is  dependent  upon  the 
make  and  model  of  the  generator  and  the  length 
of  the  various  leads.  If  the  ohmmeter  indicates 
an  extremely  high  resistance  for*  the  circuit,  the 
trouble  will  be  an  open  circuit  in  one  of  the 
circuit  components  being  checked.  Conversely, 

''if  the  ohmmeter  reading, is  indicating  zero  ohms 
resistance,  the  trouble  will  be  a  ground  some- 
where between  B  on  the  generator  and  B  on  the 
regulator  base  that  is  permitting  a  circuit  to  be 
completed  around  the  principal  resistai|be  in  the 
circuit  (the  armature). 

14-30.  Check  Nr.  2.  The  second  check  is 
performed  by  checking  the  circuit  from  the  A 
terminal  on  the  regulator  base  to  the  G  terminal, 
as  shown  in  part  B  of  figure  43:   When  per- 
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forming  this  c^ljeck,  you  will  be  checking  the  con-  14-34.  In  addition  to  the  test  equipment  you 
tinuity.  the  generator  shunt  field,  the  "E"  lead  need  to  help  you  troubleshoot,  you  also  have  to 
on  the  generator,  and  the  "G"  lead  at  the  volt-  -be  completely  familiar  with  the  use  of  schematics 
age  regulator  base.  At  the  same  time,  the  resist-  and  wiring  diagrams.  These  are  found  in  the  -2 
ance  value  indicated  on  the  ohmmeter  wijl  afford  maintenance  handbooks  fgr  the  aircraft  on  which^ 
•  a  means  Qf  locating  troubles.  In  this  case,  as  in  you  are  working, 
so  many  other  cases,  no  single  exact  resistance  14-35.  Schematics.  A  typical  schematic  of  a 
value  can  be  cited  that  would  be  standard  for  dc  generator  system  is  shown  in.  figure  44.  This 
all  generator  installations.  The  resistance  of  the  schematic  was  taken  from  an  aircraft  TO — 2-6, 
shunt  field  varies  from  2  to  3  ohms  and  may  Organizations^!  Maintenance,  Electrical  Systems, 
range  as  high/as  13  or  14  ohms  on  some  older  This  schematic  has  been  selected  as  one  typical 
models  of  generators.  You  miy  ^ume  that  a  of  the  type  you  may  use  in  your  day  to  day 
reading  of  3  ohms  is  a  normal  ot^  for  the  check  work.  Now,  let  us  examine  the  figure  to  see  how 
from  terminal  A  to  terminal  G.  ^  An  ohmmeter  it  can  help  you  in  your  work.  For  one  thing, 
reading  that  is  much  higher  than  normal  indicates  schematics  always  show  the  internal  wiring  of 
that  there  is  an  open  circuit,  while  a  reading  that  the  components,  in  the  system,  such  as  the  volt- 
is  only  slightly  higher  than  normal  may  indicate  age  regulator  and  the  RCR.  Note  also  that  pin 
loose  or  dihy  connections  somewhere  in  the  cir-  lettccs  of  CANNON  plugs  are  given,  such  as 
cuit.  A  lower  than  normal  resistance  in  this  shown  fn  the  dimming  relay  and  the  generator 
circuit  indicates  a  partially  shorted  field  winding,  field  cpntrol  relay.  Many  schematics  also  show 
whereas  a  zero  resistance  indicates  that  the  field  the  location  of  the  units  in  the  aircraft.  For  ex- 
winding  is  completely  short  circuited,  or  that  the  ample,  th^  voltage  regulator  sjiown  is  located  in 
lead  between  A  of  the  voltage  regulator  and  A  thp  LH  POWER  BAY  as  noted  directly  beneath 
on  the  generator  is^  grounded.               ^  the  voltage  regulator  in  the  scheinatic. 

14-31.  Check  Nr.  3.  Finally,  as  shown  In  part  14-36.  A  schematic  is  •also  useful  in  pointing 

C  of  figure  43,  connect  the  ohmmeter  to  termi-  out  differences  in  wiring  that  might  exist  between 

nals  B  and  A  on  the  regulator  base.  This  con-  different  versions  of  the  same  model  aircraft, 

nection  should  cause  the  ohmmeter  to  read  the  For  example,  note  in  the  illustration  that  there 

combined  resistance  of  the  fiejd  and  armature,  are  two  wires  connected  to  E  of  the  generator, 

since  they  are  in  series  with  each  other  in  this  One  wire  is  marked  by  a  2  within  a  small 

case.  This  should  amount  to  approximately  3V2  square;  the  other  wire  by  a- 3.  If  you  look  at 

ohms.  This  operation  not  only  checks  the  con-  the  legend  directly  beneath  the  schematic,  you 

tinuity  of  the  lead  between  A  on  the  regulator  see  that  aircraft  numbered  -1  through  -65  arc 

and  A  on  the  generator,  the  armature,  the  "B"  wired  so  that  the  wire  from  E  of  the  generator 
^  lead,  (between  B  on  the  generator  to  B  on  the^   is  connected  to  the  loadmeter  shunt,  while  air- 
regulator)  but  it  also  indicates  the  general  con-  ^  craft  -70  and  later*  are  wired  so  that  E  of  the 

dition  of  these  system  elements.  generator  is  connected  to  the  ground.  These  lat- 

14-32.  By  comparing  the.  ohmmeter  readings  ter  aircraft  have  the  ]^admeter  wired  in  the  cir- 

thus  obtained  with  normal  readings  and  analyzing  cuit  as  shown  in  the  upper  left  hand  corner, 

the  circuit  check  for  each  step,  you  can  system-  14-37.  You  can  see  then,  that  schematics  are 

atically  eliminate  certain  components  as  sources  very  useful  in  determining  how  a  system  should 

of^  trouble  and  eventually  arrive  at  a  sound  de-  operate  and  approximately  where  parts  arc  lo- 

termination.                                       ^  cated.  For  actyal  troubleshooting,  however,  it  is 

>14-33.  Schematics  and  Wiring  Diagrams.  So  best  to  use  the  wiring  diagram,  which,  if  used 

far  in  this  chapter  only  those  troubles  located  in  conjunction  with  the  schematic,  helps  you  to 

.  between  the  generator  and  tlje  voltage  regulator  quickly  locate  and  diagnose  electrical  malfunc- 

Jiave  been  discussed.  What  about  malfunctions  tions. 

in  the  rest  of  the  generator  system?  It  is  certain  14-38.  Wiring  diagrams.  The  wiring  diagram 

that  eventually  you  will  have  to  troubleshoot  the  for  the  generator  system  previously  shown  sche- 

eniire  generator  system  to  detect  the  cause  of  a  matically  in  figure  44  is  Part  I  in  fold  out  1,  at 

trouble.  The  remainder  of  this  discussion,  there-  the  back  of  this  volume.  You  can  ^ee  that  there 

fore,  is  devoted  to  those  technical  references  you  is  quite  a  bit  of  difference.  Whereas  the  sche- 

must  be  familiar  with  in  order  to  diagnose  and  matic  showed  only  one  wire  connected  between 

repair  troubles  quickly  in  any  electrical  system.  B  of  the  generator  and  the  GEN  terminal  of  the 

Since  you  are  familiar  with  dc. generator  systems  RCR,  the  wiring  diagram  shows  that  in  reality 

by  now,  let's  continue  by  using  these  systems  as  there  are  three  wires  from  B  of  the  generator  to 

references.  disconnect;  afM  from  the  disconnect  to  the 
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GEN  terminal  of  the  RCR  there  are  six  wires. 
You  can  see  also  that  each  wire  is  identified 
with  a  letter-number  code.  To  refresh  your  mem- 
oiy  let's  review  ^briefly  what  ocach  part  of  the 
.wire  number  means,  using  one  of  the  wires  con- 
nected, to  B  o(  the  generator  as  an  example. 
We'll  use  wire  number  1P1A6,  The  Nr.  1  means 
Uiat  there  is  niorc  than  one  wire  used  in  Jhis 
/paflKiilar  "circuit.  The  letter  P  represents  dc 
power,  AJl  ^wiring  diagram  handbooks  have  a 
circuit  identification  code  that  tells  you  what 
these  lette%  stand  for.  (For  example,  X  is  ac, 
L*  is  lighting,'  etc.)  The"^  next  part  of  the  wire 
number  is  the  Nr.  1,  which  is  the  wire  number 
itself.  The  letter  A  identifies  the  wire  segment. 
^The  wire  segment  letter  changes  at  each  break 
in  the  circuit.  For  example,  the  next  segment 
letter  would  be  B\  then  C,  and  so  on.  The  last 
number  in  the  wire  number  indicates  the  wire 
size,  in  this  case.  Nr.  6.  Note  that  after  the  wires 
from  B  of  the  generator  pass  through  the  genera- 
tor disconnect,  it  is  now  a  six-wire  system.  The 
wire  segments  are  marked  B,  ^d  the  size  has 
decreased  to  Nr.  10. 

14-39.  Although  wiring  diagrams  do  not  show 
the  internal  circuitry  of  components,  they  do  pro- 
vide certain  essential  information  regarding  those 


components.  For  example,  beneath  the  RCR, 
note  the  legend  "K503  Reverse-Current  Relay." 
If  you  refer  to  the  reference  item  list  shown  in 
Part  11,  foldout  1,  you  can  find  the  nomenclature 
of  the  item,  the  part  number,  and  the  station 
number  where  the  item  is  located  in  the  aircraft. 
In  this  example,  K503  is  listed  as  a  Relay,  Re- 
verse Current,  part  number  AN3025-1,  andTt  Is 
located  at  station  222.5  LH.  The  reference  item 
list  is  part  of  the  wiring  diagram  shown  in  fold- 
out  1.  You  can  also  determine  AN  connector 
numbers  and  pin  numbers,  the  location,  and 
often  the  part  numbers  for  these  items  from  the 
wiripg  diagram. 

14-40.  This  is  all  that  is  gbing  to  be  said 
about  schematics  and  wiring  diagrams.  Famil- 
iarity with  them  comes  about  as  you  use  them. 
Although  these  drawings  may  vary  slightly  among 
different  aircraft,  they  are  all  basically  t^e  same. 
One  word  of  caution  might  be  added  at  thisr 
point.  You  should  always  check  the  -2  hand- 
book to  make  sure  you  know  what  each  electri- 
cal symbol  stands  for.  -Although  aircraft  (electri- 
cal symbols  have  been  fairly  well  standardized, 
there  is  enough  variation  ameJhg  manufacturers 
to  warrant  your  making  sure  of  what  each  symbol 
Teprescnts. 
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Transformer-Rectifier  Power  Systems 


nr^'E  CONTINUING  trend  toward  the  use  of 
-I  alternating  cii^rcnt  as  the  primary  source  of 
electrical  power  on  many  aircraft  hw^eccssi- 
tated  the  use  dl  lransfonner-rcctifier>fI-R)  units 
as  the  primary  source  of  dlrect-cnnent'  power. 
This  means  that  you,  the  aircraft  electrician,  must 
know  the  principles  of  operation  o^  the  various 
types  of  T-R  units,  including  the  special-purpose 
types  used  in  aircraft  battery  charging  systems. 
You  must  be  cwnpletely  familiar  with  the  effects 
that  a  varying  load  has  on  each  type  of  T-R  unit 
so  that  you  can  successfully  troubleshoot  malfunc- 
tions and  maintain  T-R  systems. 

15.  Transformer«Rtt<tifier9 

15-1.  A  transformer-rectifier  is  a  device  that 
changes  alternating  current  into  direct  current. 
All  T-R  units  consist  of  a  transformer  section 
that  reduces  the  input  ac  voltage,  and  some  means 
of  chan^ng  ac  into  dc.  You  may  Consider  that 
there  are  three  types  of  T-R  units:  the  dry-disc 
rectifier  type,  the  static  type,  and  the  special  pur- 
pose type.  Since  the  rectifier  type  is  probably 
the  most  widely  used,  we  will  discuss  it  first. 

15-2.  Rectifier  Type  T-R  Unit  The  rectifier 
type  T-R  unit  conflsts  of  a  transformer,  a  bank 
of  dry-disc  rectifiers,  and  a  cooling  fan.  A  sche- 
matic of  tliis  unit  is  shown  in  figure  45. 

15-3.  The  transformer  consists  of  a  wye-wound 
primary  winding  and  two  secondary  windings  (a 
wye  winding  and  a  delta  winding).  The  three- 
phase  ac  input  is  applied  through  terminals  A, 
B,  and  C  where  it  is  stepped  down.  The  output 
across  the  wye-delta  secondary  is  applied  to  the 
bank  of  dry-disc  rectifiers  anfd  the  dc  output  is 
furnished  to  the  distribution  system  from  the 
terminals  marked  +  and  The  T-R  unit 
shown  in  figure  45  operates  from  a  200-volt, 
three-phase,  400-H2  ac  system,  and  the  output 
is  rated  at  24  volts  and  100  amperes.  Some 
aircraft  5c  power  systems  require  T-R  units  with 
only  a  50-ampcre  output.  A  50-ampere  T-R  unit 
is  almost  the  same  as  the  100-ampcre  unit,  ex- 
cept that  a  delta  connected  secondary  is  used 


with  the  50-ampere  unit  and  a  wye-delta  con- 
nected secondary  is  used  with  the  100-ampere 
unit. 

15-4.  The  cooling  fan  also  receives  its  input 
ac  from  the  main  power  source.  The  purpose  of 
the  fan  is  to  draw  air  across  the  bank  of  recti- 
fiers. Proper  operation  of  the  fan  motor  is  very 
critical  on  dry-disc  T-R's.  If  the  fan  motor  should 
fail  while  the  T-R  was  operating  under  a  load, 
the  unit  would  tend  to  overheat  and  fail  within 
a  short  period  of  time;  and  the  load  on  the  dis- 
tribution system  at  that  time  would  have  to  be 
divided  among  any  remaining  T-R  units  in  the 
system. 

15-5,  Figure  46  shows  a  typical  T-R  unit  in- 
stallation. Note  that  each  T-R  unit  is  labelled 
with  an  arrow*  that  indicates  the  proper  direction 
of  airflow  through  the  unit.  Air  is  always  ex- 
hausted at  the  terminal  end.  In  installations  such 
as  shown  in  figure  46,  it  is  important  that  all  the 
T-R  units  exhaust  in  the  same  direction;  if  one 
should  be  exhausting  in  an  opposite  direction, 
the  other  T-R's  would  tend  to  draw  in  hot  ex- 
haust dir  which  would  raise  their  operating  tem- 
peratures. On  many  aircraft,  proper  operation 
of  the  cooling  fans  is  an  item  of  inspection  by 
the  aircrew  during  their  preflight  inspection. 

15-6.  Static  Type  T-R  Unit  The  static  type 
T-R  unit  can  be  found  on  many  later  model  air- 
craft, and  it  serves  the  same  purpose  as  the  more 
conventional  T-R  unit,  we  discussed  previously. 
It  delivers  24  volts  dc  at  either  100  amperes  or, 
in  some  cases,  200  amperes.  It  operates  on  a 
JUfcrent  principle,  however,  as  you  can  see  by 
examining  the  schematic  diagram  shown  in  fig- 
ure 47. 

15-7.  The  transformer  section  consists  of  two 
separate  transformers;  one  transformer  has  a  wye- 
connected  primary  and  a  3-wye  secondary,  and 
the  other  transformer  has  a  delta-connected  pri- 
mary and  a  3-wye  secondary.  Both  the  primaries 
are  connected  in  parallel  to  the  200-volt,  three- 
phase,  400-Hz  ac  input.  The  turns-ratio  of  the 
two  secondaries  are  so  adjusted  that  the  output 
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Fifure  45.    Rectifier  type  T-R  unit 


voltages  are  the  same  and  can  be  paralleled  to- 
gether. Jhe  common  connection  of  the  .ac  portion 
of  each  secondary  winding  is  interconnected 
through  an  interphase  transformer  that  suppresses 
drift  current  between  the  secondaries,  bleeding 
them  off. through  the  coils  center-tapped  to  the 
negative  terminal.  The  low-loss  silicon  diodes 
provide  the  necessary  rectification.  Due  to  the 
use  of  the  silicon  diodes,  these  T-R  units  need 
no  cooling  other  than  that  furnished  by  convec- 
tion.. The  dc  output  is  furnished  through  the  ter- 
minals marked  +  and  ~. 

15-8.  SpcciaJ-Purpos€  T-R  Unit.  To  maintain 
the  state  of  charge  of  a  nickel-cadmium  battery, 
It  is  necessary  to  provide  a  more  closely  con- 
trolled source  of  battery  charging  power  than  that 
provided  by  a  conventional  battery  charging  rec- 
tifier.»  For  this  reason,  many  aircraft  in  which 
nickel-cadmium  batteries  are  installed  use  a  spe- 
cial type  of  T-R  unit  kpown  as  a  battery  charge 
t-R  unit.  A.  schematic  diagram  of  a  typical 
battery  charge  T-R  unit  is  shown  in  figure  48. 
It  is  rated  at  28.5  volts  dc  at  25  amperes. 

15-9.  The  three-phase  ac  input  from  the  pri-  - 
mary  ac  power  source  is  applied  through  a  three- 
phase  stepdown  transformer,  and  the  output  is 
applied  to  six  silicon-power  rectifiers  in  a  six- 
phase  half-wave  arrjjhgemcnt.  This  arrangement 
IS  ^rtiOre  efficient  than  a  full-waVe  connection, 
since  the  load  current-  does  not  have  to  flow 
through  two  rectifiers  in  series.  By  this  method  of 
heating  and  the  need  for  voltage  regulation  are 
reduced  because  there  is  less  voltage  dro^  across 
the  rc/-tifiers.    Although  the  voltage  regulating 


requirements  are  somewhat  reduced,  some  regu- 
lation is  required  so  that  the  output  voltage  of 
the  T-R  unit  rises  as/the  load  cunent  is  in- 
creased. To  obtain  this  characteristic,  a  self- 
saturating,  variable  reset  component  (MAI)  is 
placed  in  series  with  the  center  tap  /df^  each 
transformer  winding,  and  functions  to  reflate 
the  output  of  two  rectifiers.  With  this  arrange- 
ment only  three  regulating  cores  are  required  for 
the  six  rectifiers,  and  the  control  circuitry  is  re- 
duced to  a  minimuni;  as  shown  hi  figure  48. 

15-10.  The  required  voltage  regulation  is  pro- 
vided by  a  special  "voltage-sensing  network,  which|^ 
includes  load  current  compensation  and  a  silicon 
voltage  reference  diode.  The  sensing  network 
consists  of  resistor  R4,  reference  voltage  diode 
CR7,  and  the  parallel  combination  of  R6  and 
RTl.  The  output  of. this  sensing  circuit  is  ap- 
plied to  CW2  on  the  regulating  core  (MAI).  A* 
load  reference  signal  is  provided  by  CWl  which 
is  in  series  with  the  load.  The  function  of  CWl 
is*  to  minimize  circulating  currents  in  the  control 
circuit  caused  by  voltage  induced  in  the  winding 
(CW2)  when  the  reactors  are  absorbing  a  voltage 
integral. 

15-11.  The  rectified  current  pulse  flowing 
through  the  main  winding  of  the  reactor  cores 
producej^  saturation.  The  reactor  cores  are  made 
of  a  material  which  has  a  square  top  hysteresis 
loop,  which  means  that  the  cores  are  left  in  a 
saturated  condition  at  the  end  of  each  current 
pulse.  If  there  were  no  current  flowing  in  the 
control  windings,  the  cores  would  remain  sat- 
urated and  the  output  voltage  would  be  maximum. 
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Since  the  regulating  elements  of  this  circuit  func- . 
lion  as  sutic  switches  which  are  either  full  on 
or  full  off,  it  can  be  said  that  when  the  cores  are 
saturated  the  switches  are  full  on. 

1  S-12> Jt_ jsjhe  function_of _  the  control.circuit 
current  to  reset  (Was)' the  cores  after  each  cur- 
rent pulse  so  that  the  cores  will  absorb  a  volt- 
age integral  from  the  next  current  pulse  during 
the  time  the  flux  in  the  core  is  driven  from  the 
re$et  (biased)  value  to  saturation.  In  other  words, 
during  a  current  pulse  the  control  circuit  must 
deterniine  the  magnitude  of  the  pulse  and  pulse 
duration  or  how  long  the  switch  will  be  turned  on. 

15-13.  When  the  battery  is. low,  the  control^ 
circuit  will  cause  the  switch  to  be  closed  for  a 
longer  period  of  time  and  the  magnitude  of  the 
pulse  will  be.  greater  than  that  for  a  battery  that 
is  at  or  near  a  full  charge. 

15-14.  The  thermistor  circuit  consisting  dL 
RTl  and  R6  is  incorporated  into  the  circuit  to 
compensate  for  temperature  changes  due  to  load 
that  would  affect  the  operating  characteristics  of 
the  unit.  RTl  has  a  negative  temperature  coef- 
ficient and  R6  has  a  positive  temperature  coef- 


ficient. Any  changes  in  temperature  that  would 
affect  the  resistance  of  the  output  circuit  are  thus 
canceled  out. 

1 6*  Transf ormer-Rectif ier  Testing 

16-1.  You  can  test  a  T-R  unit  by  applying 
various  loads  to  the  unit  to  determine  that  the 
output  voltage  remains  within  tjhe  allowable  lim- 
its. The  specifications  outlined  in  this  section 
apply  only  to  the  typical  units  that  we  have  dis- 
cussed. You  should  always  refer  to  the  appro- 
priate technical  directive  before  testing  any  T-R 
unit. 

16-2.  Rectifier  Type,  One  of  the  tests  you  may 
give  to  this  T-R  unit  is  the  voltage  regulation 
test.  The  test  consists  of  applying  4OO-H2  ac  at 
195  volts  to  the  input  measuring  the  dc  input 
when  a  100-ampere  load  is  connected.  The  out- 
put voltage  must  not  be  lower  than  24  volts  nor 
higher  than  31  volts.  ^ 

16-3.  You  should  also  test  this  unit  for  in- 
sulation breakdown.  You  perform  this  test  by 
first  shorting  the  four  input  tenninals  together, 
and  the  two  output  tenninals  together,  then  ap- 


Figure  47.   Static  type  T-R  unit 
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Figure  48.   Battery  (charging  T-R  unit 
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Table  4 
Battery  Charger  T-R  Test  Voltages 


Load  (Amperes) 

Output  Voltage  (D-C) 

0 

27.8  to  28.8 

4 

28.9  to  29.7 

10 

28.2  to  30.9 

25 

26.5  to  29.8 

plying  60-Hz  ac  at  500  volts  between  the  -two 
sets  of  terminals  for  1  minute.  You  accomplish 
the  second  part  o(  the  insulation  breakdown  test 
by  shorting  all  the  terminals  together  and  apply- 
ing 60-Hz  ac  at  500  volts  between  the  shorted 
terminals  and  the  case  of  the  unit. 

16-4.  Another  part  of  the  test  procedure  for 
rectifier  type  T-R  units  is  to  check  the  operation 
of  the  ccx)Iing  fan  motor.  Air  is  always  drawn  ^ 
across  the  bank  of  rectifiers  and  exhausted  at 
the  terminal  ends. 

^  16-5.  Static  Typ«»  The  tests  you  will  be  giving 
to  static  T-R's  are  basically  similar  to  tests  for 
those  types  we  have  already  discussed.  The  in- 
sulation breakdown  test  is  performed  under  ap- 
proximately the  same  conditions.  The  voltage 
regulation  test,  however,  has  significant  differ- 
ences. Before  testing  the  static  T-R,  you  should 
operate  the  unit  for  30  minutes  with  400  Hz  ac 
at  200  volu,  with  a  lOO-ampere  load.  After  the 
unit  has  reached  normal  operating  temperature, 
the  output  voltage  must  be  between  26.5  volts 
and  26.9  volts.  Next,  decrease  the  load  to  10 
amperes;  the  output  voltage  must  now  be  be- 
tween 28.375  volts  and  29.125  volts.  In  the  next 
part  of  the  test,  you  increase  the  load  to  100 
amperes  and  decrease  the  input  ac  to  196  volts. 
In  this  case,  the  output  voltage  should  not  be 
less  than  26  volts  nor  higher  than  31  volts.  In 
the  last  part  of  the  voltages  regulation  test,  you 
increase  the  input  ac  to  210  volts  and  decrease 
the  load  to  1  ampere.  Again,  the  output  voltage 
must  not  be  less  than  26  volts  nor  higher  than  31 

.  vplts. 

16-  6.  Battery-Charging  Type.  Th^  only  test 
you  usually  give  to  a  battery-charging  T-R  is  the 
voltage  regulation  te^t.  You  should  apply  an  in- 
put voltage  of  200  volts  ac  at  a  frequency  of 
400-Hz  to  the  unit  for  at  least  60  minutes  to 
allow  it  to  reach  its  normal  operating  range.  No 
toad  should  be  applied  during  the  warmup  period. 
After  the  warmup  period,  apply  the  loads  listed 
in  tabic  4  for  2  minutes  each,  and  check  to  sec 
th^t  each  load  results  in  the  proper  voltage  out- 
put as  shown  in  the  table. 

17*  T-R  Power  System  and  Maintenance"^ 

17-  1.  Now  that  you  arc  familiar  with  the  prin- 
ciples of  operation  of  various  types  of  T-R  units, 


let*s  turn  our  attention  to  T-R  power  distribu- 
tion systems.  In  your  work  as  an  aircraft  elec- 
trical repairman,  you  will  encounter  a  wide  va- 
riety of  T-R  power  distribution  systems.  The 
systems  vary  both  in  the  type  of  unit  or  units 
used  andin  the  output  ratings;  for  example,  you 
have  already  seen  that  the  rating  of  T-R  units 
varies  from  25  to  100  amperes.  Some  of  the 
newest  aircraft  use  T-R  units  having  a  200- 
ampcre  capacity.  Nevertheless,  the  operating 
principles  remam  the  same  as  for  those  units  we 
have  already  discussed.  Now,  let's  begin  our 
discussion  with  the  description  and  operating 
characteristics  of  a  typical  T-R  power  system. 

17-2.  T-R  Power  System.  Figure  49  is  a 
schematic  of  a  typical  two  T-R  unit  distribution 
systejp.  Both  T-R  units  receive  their  input 
power  from  the  primary  ac  (>owcr  soujge;  and  as 
soon  as  the  primary  source  is  energized,  the  T-R 
units  automatically  begin  producing  dc.  The  out- 
put of  each  T-R  unit  is  connected  to  A  T-R  re- 
lay which  has  two  sets  of  contacts.  *  Q^e  set  is 
used  to  connect  the  output  of  the  T-R  unit  to  the 
T-R  bus.  The  other  set  of  contacts  is  used  when 
•a  T-R  unit  fails  during  operation  or  fails  to  start 
when  the  primary  ac  source  is  energized.  This 
will  be  discussed  later. 

17-3.  Note  that  the  T-R  buses  are  intercon- 
nected by  current  limiter  Nr.  1.  The  buses  caij 
also  be  connected  through  current  limiter  Nr.  2 
when  the  bus  tie  relay  is  energized.  At  first 
glance,  current  limiter  Nr.  2  may  seem  super- 
fluous to  you,  but  this  is  not  the  case.  To  tinder- 
stand  the  function  of  the  cunent  limiters,  let's 
assume  that  T-R  Nr.  1  develops  an  internal  short 

'  during  operation  and  puts  a  higher  than  norrpal 
load  on  the  distribution  system.  T-R  relay  Nr.  I 
cannot  become  deenergized  because  it  receives 
power  from  T-R  bus  Nr.  2  through  current  lirtj- 

'  iter  Nr.  1.  If  the  load  on  the  T-R  buses  be- 
comes excessive  due  to  the  faulty  T-R  unit,  cur- 
rent limiter  Nr.  1  will  blow  and  open  the  circuit 
between  the  buses.  Now,  T-R  relay  Nr.  1  can 
deenergizc.  When'  it  opens,  its  other  set  of  con- 
tacts closes  and  completes  a  circuit  between  T-R 
bus  Nr.  2  and  the  bus  tie  relay.  When  the  bus 
tie  relay  is  energized,  the  T-R  buses  are  inter- 
connected by  current  limiter  Nr.  2.  You  can  see, 
then,  that  the  current  limiters,  in  conjunction 
with  the  bus  tie  relay,  serve  these  two  purposes, 
they  insure  that  both  the  T-R  buses  receive  power 
in  the  event  that  a  T-R  unit  fails  during  opera- 
tion, and  they  prevent  a  faulty  T-R  unit  from 
causing  an  excessive  load  on '  the  distribution 
system. 

If  either  T-R  unit  should  fail  to  start 
when  the  primary  ac  source  is  energized,  theV 
corresponding  T-R  relay  will  fail  to  become  en- 
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Figure  50.    Essential  dc  T-R  system. 

ergized.  Under  this  condition  the  bus  tie  will 
become  energized  and  interconnect  the  T-R  buses 
through  current  limiter  Nr.  2,  even  though  cur- 
r«)t  limiter  Nr.  1  might  still  be  intact. 

17-5.  This  concludes  the  Siscussion  of  T-R*s 
and  T-R  power  distribution  systems,  except  for  a 
brief  discussion  of  an  essential  bus  system  in 
which  T-R  units  are  the  primary  source  of  dc 
power.   On  many  aircraft,  switching  of  power 


from  one  source  to  another  is  done  autoniatically 
through  a  system  of  essential  relays,  Rgure  50 
illustrates  a  tyi^cal  essential  bus  system  using 

relays;  — —  — ~    

17-6.  The  essential  T-R  relay  is  energized  any 
time  there  is  power  on  the  T-R  bus.  When  the 
relay  is  closed,  it  completes  the  circuit  to  the 
essential  bus.  If  ihcT-R  bus  is  not  powered,  it  is 
necessary  to  energize  the  battery  relay  and  apply 
battery  power  to  the  essential  bus.  When  both 
relays  arc  energized,  which  is  a  normal  condi- 
tion, only  one  source  of  power  can  be  applied 
to  any  cSfe  bus  at  a  time. 

17-7.  Maintenance.  The  maintenance  you  can 
perform  on  a  T-R  unit  is  generally  limited  to 
the  repair  or  replacement  of  subunits  of  the  major 
assemblies.  You  may  disassemble  a  T-R  unit  only 
to  the  extent  authorized  your  shop;  for  example, 
you  can  completely^  disassemble  a  rectifier  type 
T-R  unit  and  repair  or  replace  any  of  the  major 
assemblies.  When  you  disassemble  the  battery 
charging  T-R  unit,  however,  you  arciiot  allowed 
to  open  the  transformer  section.  Another  impor- 
tant point  should  be  brought  out  at  this  time. 
4  Many  componeiits  of  the  static  T-R's  and  battery 
Charging  T-R's  come  in  matched  sets.  If  one 
part  of  a  set  requires  replacement,  you  will  have 
to  install  a  whole  new  matched  set.  This  is  why 
it  is  important  to  consult  the  appropriate  techni- 
cal directive  before  you  attempt  to  repair  or  re- 
place any  part  of  a  T-R  unit. 
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CHAPTER  5 


AC  Generator  Systems 


MOST  OF  today's  aircraft  use  a  great  deal  of 
ac  power.  Consequently,  the  primary 
power  system  used  on  present  day  aircraft  is 
ac.  This  docs  not  mean  you  won't  find  a  num- 
ber (rf  aircraft  still  in  the  Air  Force  that  have  a 
primary  dc  power  system.  Chapter  3  provided 
you  with  the  necessary  background  knowledge  to 
work  on  dc  power  systems.  In  fact,  you  will  be 
using  your  knowledge  of  dc  generators  in  our 
discussion  of  an  ac  generator  in  this  chapter. 

2.  Ac  electrical  loads,  for  the  most  part,  re- 
quire constant-frequency  ac  power.  But  always 
keep  in  mind,  there  are  ac  loads  that  do  not 
require  constant-frequency  ac  power.  These  loads 
ziy  supplied  power  from  variable-frequency  ac 
generators,  also  discussed  in  this  chapter. 

3.  There  arc  many  types  of  ac  generator  sys- 
tems in  current  use.  However,  you  will  be  able  to 
grasp  the  general  idea  behind  all  of  the  various 
types,  because  they  fall  into  two  classifications, 
the  variable-  and  the  constant-frequency  ac  gen- 
erator systems.  We  will  discuss  both  of  these 
systems  in  this  chapter.  The  discussion  of  the 
variable-frequency  system  is  limited  due  to  its 
limited  application.  We  will  begin  our  discussion 
with  the^acr  generator. 

4.  Foldout  2  shows  a  basic  ac  generator  sys- 
tem of  the  type  we  will  discuss  in  this  chapter. 
The  knowledge  of  the  type  of  aircraft  that  may 
use  this  system  is  not  a  requirement  for  this  dis- 
cussioil.  This  system  is  used  only  as  a  training 
vehicle. 

18.  AC  Generators 

18-1.  The  output  of  the  ac  generator  must  be 
held  to  a"  constant  value  over  a  ^ven  range  of 
operation.  In  order  to  do  this  in  a  constant- 
frequency  ac  system,  a  yoltage  regulator  and  a 
constant-speed  drive  unit  must  be  used.  In  a 
variable-frequency  system,  however,  only  the 
voltage  regulator  is  used  to  provide  a  stable  out- 
put over  the  generator's  enure  speed  range  of 
operation. 


18-2.  The  following  discussion  deals  with  what 
takes  place  inside  the  generator  under  the  various 
load  conditions  that  are  encountered  in  actual 
operation.  This  information  provides  you  with  the 
background  knowledge'  required  to  troubleshoot, 
test,  and  repair  ac  generator  systems.  References 
are  made  to  the  various  generator  system  com- 
ponents as  they  are  affected  by  a  given  load 
condition.  Let's  start  our  discussion  by  review- 
ing the  factors  that  affect  the  generator's  output 
frequency. 

18-3.-  Generator  Frequency,  Ac  is  produced 
when  a  coil  is  rotated  bctweerr  a  north  and  a 
south  magnetic  pole.  In  such  a  device,  the 
strength  of  the  generated  volt^ge^depends  upon 
the  strength  of  the  magnetic  poles,  the  number  of 
turns  of  wire  in  the  coil,  and  the  speed  at  which 
the  coil  is  rotated.  The  frequency/of  the  current 
pulsations  depends  upon  the  speed  of  coil  rota- 
tion and  the  number  of  poles,  but  not  upon  the 
strength  of  the  magnetic  field. 

18-4.  Let's  assume  that  a  generator  rotor  is 
connected  directly  to  the  crankshaft  of  an  en- 
gine. With  this  arrangement,  the  rotor  makes 
one  revolution  every  time  the  crankshaft  makes 
one.  Therefore,  if  the  engine  crankshaft  is  turn- 
ing at  a  rate  of  380  rpm,  the  rotor  also  turns  at 
a  rate  of  380  rpm. 

18-5.  Remember,  don't  confuse  the  generator 
speed  Ajoth  its  frequency.  Since  the  speed  of  ro- 
tatiorrnfi^  measured  in  revolutions  per  minute 
(rpm)  and  frequency  is  measured  in  Hertz 
(Hz),  we  need  to  use  the  frequency  fornlula  to 
determine  the  output  frequency  of  the  generator. 


Frequency 


number  of  pairs  of  poles  x  rpm 
60 


Therefore,  if  there  is  one  pair  of  poles  in  the 
generator  and  it  is  turning  at  a  rate  of  380  rpm, 
use  the  formula: 


Frequency  = 


1  X  380 
60 
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Figure  51.  Generator  voluge  and  load  characteristics. 


Thus, 


Frequency  =  6.33  Hz 


18-6.  It  is  necessary  to  have  a  gear  train  be- 
tween the  crankshaft  and  the  rotqr  of  the  gen- 
erator because  the  crankshaft  of  a  reciprocating 
engine  rotates  too  slowly  for  the  desired  voltage 
and  frequency.  Although  a  jet  engine  rotor  turns 
at  a  faster  speed  than  docs  a  reciprocating  en- 
gine, a  gear  train  is  still  required.  Since  varia- 
ble-frequency generators  used  by  the  Air  Force 
generally  incorporate  a  12-pole  field,  the  gear 
train  is  required  to  drive  the  rotor  between  3800 
and  10,000  rpm  to  produce  the  allowable  fre- 
quency, 380  to  1000  Hz,  ^  '  . 

18-7.  Although  the  frequency  is  allowed  to^ 
vary,  the  voltage  must  be  kept  at  a  constant 
value.  This  is  accomplished  through  the  use  of  a 
voltage  control  circuit.  A  second  point  to  keep  in 
mind  is  that  a  variable-frequency  generator  can 
be  used  only  in  conjunction  with  resistance-type 
loads,  because  of  the  varying  frequency.  Since 
capacitive  and  inductive  reactances  vary  with 
the  frequency,  it  is  not  feasible  to  use;  inductive 
or  ^pacitive  loads  in  connection  with  variable- 
frequency  generators. 

18-8.  On  the  other  hand,  a  constant-frequency 
ac  generator  can  be  connected  to  all  of  the  var- 
ious types  of  ac  loads,  which  include  both  KW 
and  KVAR  loads.  TTfis  type  of  generator  pro- 
vides a  constant  output  frequency  (400  Hz), 
and  therefore,  the  rotor  must  be  driven  at  a 


constant  speed.  A  device  known  as  a  constant- 
speed  drive  docs  this  task.  While  the  drive  main- 
tains the  rotor  speed  constant,  it  must  also  vary 
its  output  (torque)  to  maintain  the  load  on  the 
generator.  We  will  next  discuss  effects  that  var- 
ious load  conditions  have, on  the  generator  output. 

18-9.  Generator  Load  Characteristics.  When 
the  load  on  the  generator  is  changed,  the  termi- 
nal voltage  of  the  generator  will  vary.  The 
amount  of  variation  depends  on  the  design  of 
the  generator  and  the  power  factor  of  the  load. 
With  an  inductive  load,  which  has  a  lagging 
power  factor,  the  drop  in  terminal  voltage  when 
the  load  is  increased,  is  greater  than  would  occur 
if  the  load  had  unity  power  factor,  that  is,  a  're- 
sistive load.  With  a  load  having  a  leading  power 
factor,  a  capacitive  load,  the  terming  voltag^ 
tends  to  risb.  A  change  in  terminal  voltage  with 
a  change  in  generator  load  is  due  to  the  change 
in  armature  resistance,  reactance  and  reaction. 

18-10.  Armature  resistance.  When  current 
flows  through  a^  generator  armature  winding, 
there  is  an  armature  resistance  drop  (IR)  due  to 
the  resistance  of  the  windings.  This  drop  in- 
creases with  load,  and  the  terminal  voltage  is  re- 
duced. (ER)  is  normally  small  because  tlv  re- 
sistance is  low.  ; 

18-11.  Armature  reactance.  The  armature  cur- 
rent of  an  ac  generator  varies  approximately  as 
a  sine  wave.  The  continuously  varying  current  in 
the  generator  armature  is  accompanied  by  an 
I  *  Xl  voltage  drop  in  addition  to  the  IR  drop. 
Armature  reactance  in  an  ac  generator  may  be 
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from  30  to  50  times  the  value  of  armature  re- 
sistance because  of  the  relatively  large  inductance 
of  the  coils  as  compared  with  their  resistance. 

18-12.  A  simplified  series  equivalent  single- 
phase  circuif  of  an  ac  generator  is  shown  in  figure 
Si.  The  voltage  generated  in  the  phase  winding 
is  equal  to  the  vector  sum  of  the  terminal  volt- 
age, Et,  for  the  phase  and  the  internal  voltage 
loss  in  the  armature  resistance,  R,  and  the  arma- 
ture reactance,  Xi.,  associated  with  thaft  phase.  * 
The  voltage  vectors  for  a  unity  power-factor 
load  are  shown  in  figure  51  (A).  The  arma- 
ture IR  drop  is  in  phase  with  the  current,  I,  and 
the  terminal  voltage,  Ef  Because  the  armature 
I  •  Xf,  voltage  drop  is  90®  out  of  phase  with  the  , 
current,  the  terminal  voltage  is  approximately 
equal  to  the  generated  voltage,  less  the  IR  drop  ■ 
in  the  armature.  In  this  case,  the  voltage  regu- 
lator output  changes  very  little.  The  only  change 
will  be  to  overcome  thj  larger  IR  drop  caused 
by  the  increase  in  load  current* 

18-13.  All  of  this  is  true  as  long  as  rotor 
speed  is  maintained.  The  flux  produced  by  the 
load  current  has  an  effect  on  the  speed  of  the 
rotor.  The  load  current  produces  a  magnetic 
field  which  magnetizes  the  iron  core  (stator)  in  . 
such  a  manner  as  to  tend  to  keep  the  rotor  from 
moving.  To  overcome  this  holding  effect,  more 
power,  or  torque,  niust  be  applied  to  the  rotor 
to  maintain  the  load  at  the  same  speed.  Then  - 
for  a  real  or  KW  load  on  the  generator,  we 
can  see  that  the  primary  consideration  is  power 
(torque).  Very  little  increase  in  regulator  output 
is  needed. 

18-14.  The  voltage  vectors  for  a  lagging  power 
factor  (KVAR)  load  are  shown  in  figure  51 
(B).  The  load  current  and  IR  drop  lag  the  ter- 
minal voltage  by  angle  6.  In  this  example,  the  ' 
armature  drop  (I)  is  more  nearly  in  phase  with 
Et  and  the  generated  voltage  (Eo).  Therefore, 
the  terminal  voltage  is  approximately  equal  to  ■ 
the  generated  voltag^,  less  the  armature  I  drop. 
Because  the  >^irop  is  much'  greater  than  the  IR 
drop,  Et  is  remiced  that  much  more.  Why  is 
this?  The  flux  (magnetic  field)  produced  by  the  - 
load  current  is  180°  out  of  phase  with  the  mag- 
netic field  that  produced  it.  Under  these  condi- 
tions, it  is  necessary  to  greatly  increase  the  mag- 
netic field  inducing  the  voltage  (E^)  in  order 
to  maintain  generator  output  at  preset  value. 

18-15.  You  can  see  for  the  condition  above, 
there  is  no  requirement  to  increase  the  torque 
applied  to*the  rotor.  Rather,  the  strength  of  the 
generator  field  excitation  must  be  increased  in 
order  to  maintain  generator  output  at  a  constant 
value.  Keep  in  mind,  then*  that  the  voltage  reg- 
ulator  for  the  most  part,  determines  the  genera- 
tor's ability  to  carry  a  reactive  load. 


18-16.  The  voltage  vectors  for  a  leading  power- 
factor  load  are  shown  in  figure  51  (C).  The 
load  current  and  IR  drop  lead  the  terminal  voltr 
age  by  angle  0.  This  condition  results  in  an  in- 
crease in  terminal  vdltage  above  the  value  of  E«,. 
The  total  available  voltage  of  the  ac  generator 
phase  is  the  combined  effect  of  Eg  (rotationally 
induced)  and  the  self-induced  voltage  (not  shown 
in  the  vectors).  The  self-induced  voltage,  as  in 
any  ac  circuit,  is  caused  by  the  varying  field 
(accompanying  the  varying  armature  current) 
linking  the  armature  conductors.  The  self-in- 
duced voltage  always  lags  the  current  by  90*^; 
therefore,  when  I  leads  Et,  the  self-induced  volt- 
age aids  Eg,  and  Et  increases.  Under  these  con- 
ditions, the  field  cunent  would  have  to  be 
decreased  by  the  voltage  regulator. 

18-17.  Also,  due  to  a  mechanical  lag  of  the 
rotor,  the  stator  cunent  causes  the  pole  shoes  of 
the  stator  core  to  be  magnetized  so  as  to  attract 
the  rotor  poles,  thereby  tending  to  pull  it  through 
as  a  niotor.  This  condition  also  calls  for  a  slight 
decrease  in  the  torque  required  to  drive  the  rotor. 

18-18.  It  should  be  obvious  from  our  discus- 
sion so  far,  that  it  is  virtually  irgj^sible  to  ap- 
ply a  zero  power-factor  load  to  an  ac  generator, 
but  just  as  obvious  that  almost  all  loads  will  con- 
tain a  degree  of  reactance.  The  type  of  react- 
ance normally  encountered  is  inductive. 

18-19.  Paralleh'ng  Requirements.  In  order  to 
impffSve  the  reliability  and  power  capabilities  of 
the  aircraft  ac  electricJat-power  system,  constant- 
frequency  ac  generators  are  often  operated  in 
parallel.  However,  before  ac  generators  can  be 
safely  paralleled,  the  following  conditions  must 
be  met. 

•  The  generators  must  be  of  like  design.  ^ 

•  They  must  have  equal  terminal  voltage. 

•  They  must  6e  of  equal  frequency. 

•  Their, voltages  must  be  in  phase. 

•  Their  phase  rotation  must  be  alike. 

18-20.  After  the  above  conditions  have  been 
satisfied,  the  generators  can  be  paralleled.  How- 
ever, to  keep  these  generators  operating  in  par- 
allel, the  torque  of  the  drive  unit  as  well  as 
generator  excitation,  must  be  controlled. 

18-21.  The  amount  of  real  power  delivered  by 
any  generator  is  determined  by  the  real  load  (as 
mentioned  in  previous  material)  and  the  power 
delivered'by  the  prime  mover  (drive  unit).  The 
reactive  power  requirements  of  a  generator  are 
determined  by  the  reactive  load  on  the  bus  and 
the  excitation  difference  between  generators. 
Paralleled  generators  which  are  equally  excited 
and  delivering  the  same  output  voltage,  have  no 
local  currents  circulating  between  them. 
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Figure  52. 


Generator putput  voltages  (parallel 
operation). 


,  18-22.  In  figure  52,  the  generators  (A)  are 
delivering  the  same  voltage  of  the  same  polarity 
at  the  same  time.  Since  the  voltages  are  in 
phase,  both  in  polarity  and  magnitude,  each  gen- 
erator shares  the  load  equally,  and  the  generators 
do  not  appear  as  loads  to  each  other.  However, 
in  figure  52  (B),  the  generators  are  in  phase  but 
unequally  excited.  Since  a  voltage  difference 
exists,  current  is  delivered  from  generator  Nr.  1 
to  generator  Nr.  2.  Generator  Nr.  2  prejiqnts  a 
high  inductive  load,  and  the  energy  must  be  dissi- 
pated by  the  liigh-voUage  generator.  Later  in 
this  chapter,  will  discuss  in  some  detail  load 
control  between  paralleled  ac  generators.  At  this 
point  in  our  discussion,  it  is  only  important  that 
you  understand  the  various  types  of  ac  loads  and 
their  effect  on  the  generator. 

18-23.  Generator  Rating.  The  last  point  to 
consider  in  our  discussion  of  generator  principles 
is'how  the  ac  generator  is  rated.  The  rating  of  an 
ac  generator  pertains  to  the  load  it  is  capable  of 
supplying.  The  normal  load  rating  is  ttte  load  it 
can  carry  continuously.  Its  overload  rating  is  the 
^  above  normal  load  which  it  can  carry  for  speci- 
fied lengths  of  tune  only.  The  load  rating  of  a 
particular  generator  is  determined  by  the  internal 
heat*  it  can  withstand.  Since  heating  is  caused 
mainly  by  current  flow,  the  generator's  rating  is 
identified  very  closely  with  its  current  capacity. 

18-24.  The  maximum  current  that  can  be 
supplied  by  an  ac  generator  depends  upon  (1) 
the  maximum  heating  loss  (PR  power  loss)  that 
can  be  sustained  in  the  armature,  and  (2)  the 
maximum  heating  loss  that  can  be  sustained  in 
the  field.  The  armature  current  varies  with  the 
load.  This  action  is  similar  to  that  of  dc  genera- 
\  tors.  In  ac  generators,  however,  lagging  power 
V  factor  loads  tend  to  demagnetize  the  field,  and 
the  terminal  voltage  is  maintained  pnly  by  in- 
creasing the  .do  field  current.  When  the  power 
factor  is  low  and  a  generator  is  delivering  a 
power  load  within  its  rated  capacity,  the  current 


may  be  far  in  excess  of  the  rated  capacity  of  the 
generator.  Therefore,  ac  generators  are  rated  in 
terms  of  armature  load  current  and  voltage  out- 
put, or  kOovolt-ampcre  (KVA)  output,  at  a 
specified  frequency  and  power  factor. 
— V8-25r^V^able-Frequcncy__Gencratcirs^Ilie  _ 
Air  Forces  uses  various  types  of  variable-fre- 
quency ac  generators  today,  but  for  this  discus* 
sion  we  will  consider  only  the  single-phase  vari- 
able-frequency ac  generator. 

18-26.  Construction  features.  Generators  of 
the  variable-frequency  single-phase  type  are  sim- 
ilar in  appearance  to  the  dc  generator  discussed 
in  Chapter  3.  The  general  appearance  may  vary 
with  the  manufacturer,  but  only  slightiy.  How- 
ever, we  are  interested  in  the  internal  construc- 
tioii,  and  for  this  explanation  we  shall  examine  a 
B-1  single-phase  variable-frequencv  ac  genera- 
tor. 

^.  18-27.  The  stator  (see  fig.  53),  which  is  the 
stationary  set  of  windings  (F),  includes  12  lami- 
nated pole  shoes  whose  field  windings,  are  con- 
nected in  series.  These  shoes  incorporate 
damper  segments  which  form  a  complete  "squir- 
rel cage''  winding.  Such  construction  affords  a 
more  even  distribution  of  the  field  flux.  The 
purpose  of  the  damper  feature  is  to  provide  a 
better  waveform  in  the  generator  output  voltage 
by  smoothing  out  the  field  current  pulsation  pro-  • 
duced  by  the  exciter  regulator. 

18-28.  The  terminal  block,  figure  53  (E),  is 
made  of  molded  plastic  and. is  mounted  on  the 
outside  of  the  generator  housing.  The  terminal 
block  has  four  terminals,  two  for  the  field  circuit 
and  two  for  the  ac  output. 
M8-29.  The  rotating  member  of  t^e  generator 
is  composed  of  the  rotor  windings  (H),  in  which 
ac  voltage  is  induced  by  rotation  through  the 
magnetic  field'  produced  by  the  field  windings 
(F),  and  collector  rings  (I),  which  in  turn  pro- 
vide a  means  of  coupling  the  induced  voltage  to 
^  the  output  terminals  of  the  generator.  The  rotor 
winding  and  collector  ring?^^«r^  mounted  on  a 
shaft  which -is  supported  between  ball  bearings 
(A).  A  spindle  (G)  which  mates  directly  to  the- 
drive  unit  or  engine  is  coupled  to  the  shaft  by 
merans  of  a  splined  coupling  along  with  a  friction 
shoe  damper  (J).  The  damper  provides  isolation 
from  torsional  oscillations  which  in  turn  reduces 
wear  and  prevents  spindle  breakage. 

18-30.  A  laminated  asbestos  phenolic  ring 
serves  as  a  mount  for  two  pair  of  brass  brush 
holders  (C).  The  carbon  brushes  (D)  in  the 
holders  are  held  firmly  against  the  collector  rings 
by  springloaded  fingprs.  Cooling  is  provided  by 
blast  air  through  the  blast  tube  (B). 

18-31.  Generator  operation.  Our  discussion 
here  is  limited  to  a  brief  review  of  generator 
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operation.  Variable-frequency  generators  are  de- 
signed to  operate  at  a  given  kva  rating  at  speeds 
between  3800  to  10,000  rpm.  These  generators 

.may  be  rotated  either  clockwise  or  counterclock- 
wise, but  the  ^brushes  must  be  reseated  if  the 
direction  of  rotation  is  reversed.  Then,  too,  be- 
cause pf  tjie  variable  frequency,  these  generators 
(Cannot  be  operated  in  parallel.  Because  collector 

jnig_ai:^_Li$edrthis  type  of  generator  should  not 


be  connected  to  heavy  loads,  for  the  brushes^  have 
a  tendency  to  arc  and  spark  under  heavy-load 
current. 

18-32.  Qose  voltage  regulation  is  necessary 
for  the  satisfactory  operation  of  all  electrical 
equipment.  For  the  single-phase  type  B-l  ac 
generator,  voltage  regulation  is  achieved  with  an 
A-1  exciter-type  regulator. 

18-33.  This  exciter  regulator^vnothing  more 
than  a  heavy-duty  vacuum-tube  r&tifier.  Such  a 
unit  tikes  power  from  the  generator  output  and 
converts  it  into]dc,  which  is  sent  through  the 
'generator  field  to  magnetize  the  field  poles.  A 
bridge  ^nd  a  phase-shift  network  controls  the 
regulator  output  to  maintain  a  constant  genera- 
tor voltage  output.  Since  the  residual  voltage  of 
the  generator  is  not  high  enough  to  operate  tlie 


exciter  regulator,  cunent  is  taken  from  the  air- 
craft's dc  bus  for  initial  excitation.  In  a  sense, 
then,  the  generator  is  a  self-excited  unit  except 
for  the  first  few  seconds,  when  power  is  taken 
from  the  aircraft's  dc  power  distribution  system 
for  excitifig  current.  If  the  generator  speed  falls 
below  3000  rpni,\he  exciter  regulator  ceases  to 
function. 

18-34.  Keep  in  mind  that  only  a  KW  load 
"(rcaTload)  is  applied  to  thc~vanable^requency- 
generator.  This  type  of  generator  is  connected 
directly  to  the  engine;  thus,  the  torque  require- 
ments are  automatically  taken  care  of  by  the 
engine  as  load  is  increased  or  decreased.  Very 
little  change  in  regulator  output  is  required  as 
long  as  the  speed  remains  the  same. 

18-35.  When  engine  ^peed  is  changing,  regu- 
lator output  must  also  change  to  maintain  a  con- 
stant generator  oytput  vohage.  In  other  words, 
exciter-regulator  output  will  .  have  a  greater 
change  with  respect  to  changing  speed  than  it 
will  have  with  respect  to  changing  load  condition, 
provided  the  load  range  of  the  generator  is  not 
exceeded. 

18-36.  The  voltage  output  of  the  B-1  vari- 
able-frequency  generator  is  single-phase  115 
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Figure  53.   Singlc*phasc  variable-frequency  ac  generator. 
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volts.  Remember,  there  are  some  three-phase 
variable-frequency  generators  in  use  by  the  Air 
Force.  The  output  voltage  of  these  generators  is 
the  same  as  that  of  a  constant-frequency  three- 
phas6  generator,  which  will  be  discussed  next  in 
-this  chapter  — ^  ^  


18-37.  Constant-Frequency  Generators.  Most 
aircraft  ac  electrical  equipment  has  been  de- 
signed to  operate  from  a  constant-frequency 
source  of  ac  power.  Aircraft  electrical  equipment 
can  be  designed  to  operate  at  almost  any  given 
frequency.  However,  designers  have  agreed  that 
electrical  equipment  required  for  use  aboard  air- 
craft will  operate  satisfactorily  at  400  Hz.  De- 
signers have  also  found  that  aircraft  electrical 
equipment  designed  to  operate  at  400  Hz  stays 
well  within  the  weight  restrictions  imposed  on  the 
design  of  such  equipment.  ^ 

18-38.  There  are  two  different  types  of  con- 
stant-frequency generaton  in  general  use  in  the 
Air  Force  today.  They  are  the  brush  type  and 
the  brushless  type,  either  of  which  may  be  air 
cooled  or  oil  cooled.  In  this  discussion  we  will 
discuss  both  types  of  ac  generators. 


/44=39.  Brush'type  oc  generator.  The  A-1  ac 
^nerator  is  a  revolving  field  type  of  generator. 
The  salient  poipts  of  this  generator  are  shown  in 
figure  54.  In  this  generator,  dc  from  an  integral 
exciter  generator  is  passed  through  windings  on 
the  rotor  by  means  of  sliprings  and  brushes.  This 


maintains  a  rotating  electromagnetic  field  of 
fixed  polarity  (similar  to  a  rotating  bar  magnet). 
The  rotating  magnetic  field,  following  the  rotor, 
extends  outward  and  cuts  through  the  armature 
windings  imbedded  in  the  surrounding  stator, 
thus  inducing  a  voltage.  Since  the  output  power 
is  taken  from  stationary  windings,  the  output  may 
be  connected  through  fixed  terminals  directly  to 
the  external  load.  This  is  advantageous,  in  that 
there  are  no  sliding  contacts,  and  the  whole  out- 
put circuit  is  continuously  insulated,  thus  mini- 
mizing the  dangec/of  arc-over. 

18-40.  Sliprings  and  brushes  are  still  used  on 
the  rotor  to  stjpply  dc  to  the  ac  generator  field. 
They  are  adeqpte  for  this  purpose,  because  the 
power  level  in  the  field  circuit  is  much  lower 
than  in  the  armature  circuit. 
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Figure  54.   Type  A I  generator  cutaway. 
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Figure  55.    Bnuhless  ac  generator  schematic. 


18-41.  BrushlesS'type  -ac  generator.  The 
brushlcss  ac  generator  is  one  of  the  new  units 
included  on  later  model  aircraft.  The  change  to 
this  type  of  generator  was  considered  necessary 
because  the  newer  aircraft  fly  at  such  high  alti- 
tudes with  much  larg^  electrical  loads.  If  you 
recall,  brushes  have  been  pointed  out  as  a  weak 
point  of  the  generator  system  at  high  altitudes. 
With  the  design  of  the  bnishless  generator,  how- 
ever, this  trouble  has  been  eliminated.^ 

18*42.  A  brushless  generator  is  really  a  3-in-l 
unit  in  that  the  final  output  is  the  result  of  two 
previous  stages  or  sequences.  In  fact  there  are 
really  three  separate  an^  distinct  generators  iti 
the  one  unit.  The  first  is  a  permanent  magnet 
(PM)  generator,  the  output  of  which  energizes 
the  field  of  an  exciter  generator  through  the  volt- 
age regulator.  The  output  of  the  exciter  genera- 
tor energizes  the  field  of  the  main  generator. 
The  output  of  the  main  generator  is  fed  to  and  is 
controlled  by  the  voltage  regulator  by  controlling 
the  strength  of  the  exciter  output. 

18-43.  Let  us  now  refer  to  figure  55  for  a 
discussion  of  operation  of  the  brushless  genera- 
tor. This  type  of  generator  contains  a  permanent 
magnet  generator,  which  provides  the  initial  ex- 
citation of  4800  Hz  single-phase  power.  Current 
produced  by  the  PM  generator  is  fed  into  the 
voltage  regulator,  which  in  turn  is  rectified  and 

\ 


cootrolled  by  the  voltage  regulator  and  fed  back' 
through  pins  F  and  A  to  the  exciter  stationary 
field.  This  current,  exciting  the  exciter  field,  in 
turn  produces  three-phase  ac  in  the  rotating  .ex'- 
citer  armature.  This  is  then  fed  to  the  three-phase 
half-wave,  rectifiers  where  it  is  rectified  to  pul- 
sating dc.  This  current  excites  the  main  rotating 
field  where  it  sets  up  magnetic  flux  in  the  field 
poles.  The  rotating  magnetic  field,  cutting  con- 
ductors in  the  ac  output  windings,  produces  a 
three-phase  ac  output. 

'  18-44.  Some  brushless  generators  have  a  com- 
pounding winding  and  a  dampening  winding  in 
addition  to  the  main  exciter  field.  The  excitation 
provided  by  the  compounding  winding  is  propor- 
tional to  the  load  on  the  generator.  The  voltage 
induced  in  the  dampehing  winding,  by  trans- 
former action,  is  proportional  to  the  rate  of 
change  of  excitatioft.  This^  voltage  is  used  in  a 
feedback  circuit  of  the  voltage  regulator  to  sta- 
bilize the  signal  in  the  control  system. 

18-45.  Inverse  voltages  and  negative  voltage 
spikes,  which  have  an  cfberse  effect  o^  genera- 
tor operation,  are  compensated  for  by  including 
in  the  gen«rator*s  three  capacitors  and  a  diode. 
The  capacitors  are  placed  in  parallel  with  the 
output  of  the  rectifier  assembly  ahd  the  ac  gen- 
erator rotating  field.  Their  pucpose  is  to  suppress 
rectifier  peak  inverse  voltage!  thus  preventing 
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damage  to  |the  rectifiers  upoi^rcmoval  of  short- 
circuit  currents  or  maximurA-load  current.  A 
commutating  diode  is  installed  in  the  rear  end 
bell  of  the  generator  and  is  connected  across  the 
exciter  field  winding.  The  purpose  of  the  diode  is 
to  eliminate  or  reduce  the  negative  voltage  spikes 
produced  when  the  capacitor  discharges  after  the 
generator  control  relay  has  been  tripped,  thereby 
preventing  damage  in  the  voltage  regulator  cir* 
cult  due  to  high  transient  currents. 

18-46.  The  brushless  ac  generators  are  cooled 
by  either  blast  air  or  engine  oil  under  pressure. 
^This  same  oil  is  also  used  to  cool  the  rotating 
rectifiers,  lubricate  the  end  bearings,  and  cool 
the  generator  windings. 

18-47.  Now  that  you  are  familiar  with  the 
construction  features  of  the  constant-frequency 
generators,  let  us  discuss  the  operating  charac- 
teristics of  these  generator. , 

1 8-48.  Generator  opttatidn.  You  already 
know  that  an  ac  voltag(^  canvbc  induced  in  a 
stationary  coil  by  rotating  a  nlagnetic  field  in  the 
vicinity  of  the  coil.  Also,  a  generator  can  be 
constructed  which  has  the  field  rotating.  With 
such  an  arrangement,  the  entire  load  current  can 
be  taken  from  the  stationary  winding.  Conse-^ 
quently,  the  total  output  current  does  not  have 
to  be  carried  through  the  brushes.  However, 
brushes  and  sliprings  are  still  used  in  many  gen- 
erators to  apply  a  dc  voltage  to  the  rotating  field. 
Actually^  the  power  required  to  produce  a  suffi- 
ciently strong  field  is  usually  less  than  one-tenth 
the  maximum  output  power  of  the  generator. 
Therefore,  this  "rotating  field"  type  of  generator 
is  usually  found  where  fairly  large  loads  are  de- 
sired. Then,  because  of.  the  low  voltage  and  cur- 
rent value  in  the  field  circuit,  you  seldom  en- 
counter trouble  with  this  machine. 

18-49.  Let's  return  to  the  simple  two-pole 
generator  for  a  moment.  You  will  recall  that 
one  cycle  of  ac  is  produced  every  time  north 
and  south  poles  pass  a  coil  of  wire.  In  order  to 
produce  the  required  400  Hz,  a  two-pole  genera- 
tor would  have  to  operate  at  24,000  rpm.  As 
stated  earlier,  aircraft  engines,  including  jets,  do 
not  approach  this  speed.  Therefore,  some  way 
must  be  devised  to  attain  400  Hz.  This  is  done 
with  an  eight-pole^  rotor.  If  you  check  with  the 
frequency  formula,  you  will  find  that  such  a  rotor 
operating  at  6000  rpm  will  produce  a  40Q-Hz 
frequency,  wh^e  some  other  generators  have  a 
six-pole  rotor  and  must  operate  at  8000  {pm  to« 
produce  400  Hz.  Its  magnetic  poles  have  a  shaft 
arrangement  that  gives  alternate  north  and  south 
poles.  Each  pole  has  a  coil  of  wire  wrapped 
around  it  and  the  coils  are  connected  in  series 
with  ea<m  other.  The  free  leads  at  each  end  are 
attached  to  one  of  the  two  sliprings  which  are 


mounted  on  the  rotor  shaft.  With  this  type. of 
construction,  a  variable  dc  may  be  applied  to  the 
rotor  winding  for  controlling  the  magnetic  field 
strength,  which  in  turn  determines  the  voltage 
output  of  the  generator. 

18-50.  By  wrapping  three  more  coils,  which 
overiap  each  other,  aroiftid  laminated  iron  pole 
shoes  fastened  to  a  circular  steel  housing,  we 
form  what  is  called  the  armature  of  the  constant- 
frequency  generator.  Since  these  coils  do  not 
move,  we  shall  refer  to  them  as  the  stator  wind- 
ings. 

18-51.  These  three  separate  coils  are  120^ 
apart.  For  this  reason,  three  separate  voltages 
are  induced,  120  electrical  degrees  apart,  when 
the  rotor  assembly  is  inserted  in  the  stator  as- 
sembly and  is  made  to  turn.  Since  each  of  the 
stator  coils  is  known  as  a  phase,  the  output  of  the 
stator  winding  is  called  three-phase  voltage. 

18-52.  At  this  point  it  is  necessary  to  tread 
upon  some  ground  for  which  the  trail  has  already 
been  ^ut.  We  mentioned  that  polyphase  ac  is 
made  possible  by  a  special  type  of  generator,  the 
connections  for  which  are  either  wye  (Y)  or 
delta  (A).  We  showed  how  they  were  connected, 
and  we  compared  them  to  each  other.  Now,  we 
come  down  to  the  practical  application  of  these 
connections. 

18-53.  You  know  that  there  are  two  ends  to 
each  phase  winding,  therefore,  six  ends  protrude 
from  the  stator  housing.  In  order  to  complete  a 
path  for  current  from  the  generator  to  the  load 
and  back,  we  must  connect  these  six  leads  in 
either  "Y"^r  "A."  Let's  start  with  the  "Y"  be- 
cause it  is  one  of  the  most  commonly  uscdr-^ 

18-54.  First,  turn  to  figure  56,A.  In  this 
schematic  you  see  the  three  coils  of  the  "Y'\  each 
having  two  leads  which  extend  out  through  the 
stator  housing.  Connecting  three  similar  leads 
together  forms  a  path  for  current  from  any  one 
of  the  three  coils  to  the  other  two.  This  forms 
what  is  commonly  referred  to  as  the  neutral  or 
fourth  wire  (which  could  be  the  fuselage)  in  a 
three-phase  system.  Connecting  a  voltmeter  be- 
tween any  one  of  the  three  open  leads  and  this 
neutral,  you  can  measure  the  voltage  induced  in 
each  stator  coil.  In  the  three-phase  generator 
used  by  the  Air  Force,  this  voltage  reading 
should  be  120  volts  ac.  Since  each  of  the  stator 
coils  is  called  a  phase  winding,  the  voltage  of 
one  coil  is  called  phase  voltage.  Now,  if  the 
voltmeter  is  placed  between  any  two  of  the  open 
or  phase  leads,  you  actually  obtain  a  line  voltage 
reading,  which  is  the  voltage  of  two  of  the  coils 
instead  of  one.  Because  the  coils  are  120  electri- 
cal degrees  apart,  only  one  of  them  will  be  in 
full  power  at  a  time,  while  the  others  aHre  at 
partial  power.  Jht  combination  of  the  two  volt- 
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Figure  56.    Wye  and  dclU  connections. 


ages  is  1.73  times  greater  than  the  voltagp  of 
only  one  coil,  or  208  volts  ac.  It  should  be 
explained  at  this  point  that  the  voltage  in  the 
partially  powered  cofls  is  in  the  same  direction 
as.  the  voltage  in  the  fully  powered  coil.  Thus, 
both  are  in  series;  which  means  that  the  voltage 
of  the  partially  powered  coils  is  added  to  that  of 
the  powered.  Therefore,  total  generator  output 
voltage  is  equal  to  the  algebraic  sum  of  the  series 
voltages.  The  major  advantage  of  a  "Y"  connec- 
tion is  that  higher  phase  to  phase  voltages  can  be 
obtained. 

18-55.  On  the  other  hand  phase  to  phase  volt- 
age of  the  connection  is  the  same  as  its  phase 
to  neutral  voltage  because  of  the  parallel  connec- 
tion of  the  stator  coils.  (See  fig.  56,B).  How- 
ever, it  can  be  put  to  ^ood  use  for  it  has  a  higher 
current-carrying  capacity  than  the  '^Y".  Now, 
let's  check  and  restate  the  major  points  concern- 
ing the  system.  If  the  stator  windings  and  the 
.  rotor  magnetic  strength  are  the  same  as  those  of 
the  "Y"  connectio^  and  you  place  a  voltmeter 
between  any  two  of  the'  three  protruding  leads, 
you  obtain  the  measurcn\ent  of  only  t^voltage 
of  one  coil  or  120  volts.  Inasmuch  as  tlfere  is  no 
neutral  or  fourth  wire  in  a  "A"  system,  thp  phase 
and  the  line  voltage  are  the  same. 

18-56.  The  generator  is  driven  by  a  constant- 
speed  drive  unit,  which  in. turn  is  driven  by  the 
aircraft  engine.  The  drive  unit  is  controlled  by  a 
frequency  and  load  controller.  A  voltage  regula- 
tor regulates  the  voltage  output  level  of  the  gen- 
erator, while  a  control  panel  protects  the  electri- 
cal system  and  components  automatically  when 
faults  occfur,  by  removing  the  generator  from  the 
bus.  Bom  the  voltage  regulator  and  the  fre- 
quency and  load  controller  provide  load  division 
during /ferallef  operation  of  the  generators. 


18-57.  Load  characteristics  were  explained 
earlier  in  this  chapter.  Recall  that  real  load 
(KW)  requires  a  change  in  torque  output  of  the 
drive  and  that  since  this  is  a  constant-frequency 
system,  the  speed  must  not  change.-  Reactive 
load  (KVAR)  will  require  the  exciter-generatof 
field  current  to  change  .wjth  changing  reactive 
load. 

18-58.  From  our  study  of  the  generators  you 
should  understand  that  any  change  in  generator 
load  will  require  a  ch^ge  in  both  excitation  and 
torque. '  You  should  keep  in  mind  that  the  power 
output  of  the  drive  is  proportional  to  the  real 
load  on' the  generator!  and  that  generator  excita- 
tion is.  proportional  to  the  reactive  load  on  the 
generator.  The  complete  generator  system  oper- 
ation is  discussed  later  in  this  chapter. 

18iv59.  Maintenance  Requirements,  The.  de- 
tailed repair  and  overhaul  of  ac  generators  can 
be  performed  by  a  field  maintenance  activity  or 
by  a  depot.  Normally  generators  are  not  re- 
paired by  organizational  maintenance.  The  ex- 
tent of  repairs  that  may  be  performed  by  a  field 
maintenance  activity  are  determined  by  the 
availability  of  special  tools,  test  equipment,  tech- 
nical orders,  parts,  and  skilled  personnel.  These 
resources  must  made  available  before  an  ef- 
fective overhaul  can  be  performed  at  the  field 
maintenance  level. 

18-60.  Generator  maintenance^  repair ^  and 
overhaul  Before  repairing  or*  overhauling  an  ac 
generator,  you  must  check  the  applicajjle  techni- 
cal order.  This  technical  order  contains  a  de- 
tailed step-by-step  procedure  for  the  task  to  be 
performed. 

18-61.  Normally  the  repairs  performed  by  the 
field  maintenance  activity  include:  cleaning,  in- 
specting, riplacing  of  bearings,  brushes,  and  the 
rotor  assembly  if  it  cannot  be  turned  down  on  a 
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lathe  to  technical  order  specificaticms,  and  insula- 
tion breakdown  testing  of  the  windings  and  leads. 
When  a  kit  is  supplied  for  the  repair  ol  a  genera- 
tor, it  will  cfbntain  all  the  necessary  parts  for  the 
repair.^  _  _ 

18-62.  It  sometimes  becomes  necessary  for  a 
field  maintenance  activity  to  set  up  facilities  to 
completely  rebuild  the  ac  generators  because 
either  a  shortage  in  supply  or  a  high  usage  rate. 
In  case  the  facilities  must  be  set  up,  most  of  the 
required  equipment,  such  as  an  oven  for  baking 
and  drying  insulation,  s{>ecial  tools,  and  jigs,  can 
be  obtained  through  supply  channels.  It  is  hot 
unusual  for  maintenance  personnel  to  fabricate 
other  special  tools  to  accomplish  this  type  of 
maintenance.  This  equipment,  the  repair  kits, 
and  skill  all  enable  the  field  maintenance  activity 
to  turn  out  completely  rebuilt  ac  generators  of 
the  highest  quality. 

18-63.  Since  there  are  numerous  types  and 
models  of  ac  generators,  we  will  not  attempt  to 
discuss  the  overhaul  of  a  specific  one*  We  do 
stress  the  importance  of  following  the  technical 
order  for  the  unit.  Special  attention  should  be 
paid  to  the  WARNINGS  and  CAUTIONS  men- 
tioned in  the  technical  order.  These  points 
should  not  be  overlooked  when  maintenance 
personnel  are  inspecting,  repairing,  or  overhaul- 
ing the  unit  Neglect  of  these  points  could  cause 
injury  to  personnel,  damage  to  the  unit,  or  even 
the  loss  of  an  aircraft  and  crew. 

18-64.  Testing,  All  ac  generators  that  have 
been  repaired  or  overhauled  must  be  perform- 
ance tested.  This  is  done  by  mounting  the  gen- 
erator on  the  appropriate  test  stand  and  con- 
ducting the  tests  outlined  in  the  technical  order. 
We  have  already  discussed  the  ac  generator  test 
stand  in  detail  in  Chapter  2  of  this  volume. 

18-65.  The  actual  tests  performed  on  each 
generator  vary  between  generators.  These  tests 
generally  include  a  method  of  ch^kmg  stability 
of  regulation  at  both  minimum  and  maximum 
speed  under  no-load  and  full-load  conditions. 
Immediately  following  these  checks,  and  while 
the  generator  is  still  hot,  a  dielectric  test  is  gen- 
erally made.  An  insulation  breakdown  tester  or 
a  source  of  high-voltage  ac,  as  specified  in  the 
technical  order,  can  be  used  for  this  check.  The 
dielectric  test  will  point  6ut  possible  insulation 
breakdowns  that  could  occur  when  ths  generator^ 
reaches  normal  operating  temperatures. 

18-66.  This  concludes  our  discussion  of  ac 
generators.  The  next  section  is  devoted  to  the 
generator  drive  which  provides  a  means  of  turn* 
ing  the  ac  generator  at  a  constant  speed. 


19.  AC  6«n«rator  Drlv« 

19-1.  In  the  first  part  of  this  chapter  you 
learned  that  most  aircraft  having  alternating  cur- 
rent as  the  primary  source  of  electrical  power, 
use  constant-frequency  systems.  That  is,  the  fre- 
quency of  the  alternating  current  is  maintained 
within  the  desired  limits.  It  is  necessary  to  have 
some  mechanical  means  of  turning  the  generator 
at  a  constant  speed,  regardless  of  any  variation 
in  engine  speed  or  generator  load 

19-2.  Although  you  are  responsible  for  only 
certain  components  of  a  generator  drive,  you 
must  have  a  complete  understanding  of  the  prin- ' 
ciples  of  operation  of  each  type  of  drive.  This  is 
because  many  of  the  troubles  that  occur  in  ac 
systems  are  caused  by  drive  malfunctions,  and 
you  must  know  enough  about  the  drives  and 
their  control  systems  to  distmguish  between  drive 
troubles  and  system  troubles.  Also,  the  drive 
units  have  electrical  control  circuits  for  which 
you  are  responsible. 

19-3  Hydraulic  Constant-Speed  Drive  (CSD). 
The  constantrspeed  drive  is  a  hydraulic  mechani- 
cal transmission  that  converts  variable  engine 
speed  to  a  constant  6000  rpm  output  to  drive  a 
generator.  The  type  CSD  used  to  drive  the  40- 
KV-A  generator  will  be  used  as  a  model  in  the 
discussion.  The  input  power  to  the  unitis  taken 
from  the  engine  accessory  section  through  a  uni- 
versal fitting.  The  ac  generator,  connected 'to  the 
output  of  the  drive  unit,  rotates  at  6000  rpm. 
Although  the  CSD  is  a  hydraulically  operated 
unit,  it  is  important  that  you  understand  the  prin- 
ciples by  which  it  operates.  The  discussion  will"^ 
begin  with  the  main  part  of  the  drive,  cylinder 
block  assembly. 

19-4.  Cylinder  block  assembly.  Figure  57 
shows  a  schematic  of  a  typical  CSD  unit.  The 
cylinder  block  assembly  consists  of  a  piston-type, 
fixed-displacement  motor.  The  pump  and 
motor,  which  rotate  within  the  case  of  the  unit, 
are  connected  by  a  port  plate,  located  between 
the  motor  cylinder  and  the  pump  cylinder,  that 
allows  the  transfer  .of  oil  between  the  pump  and 
motor.  The  variable-displacement  pump  unit 
consists  of  a  pump  cylinder  block  assembly  and  a 
pump  wobbler  assembly  controlled  by  the  drive 
governor  system.  Oil  pressure  supplied  by  the 
two  charge  pumps  (also  shown  in  figure  57) 
holds  the  pump  piston  rods  against  the  pump 
wobbler,  and  stroking  occurs  when  the  cylinder 
block  assembly  is  rotated.  The  pump  unit  volu- 
metric displacement  is<  varied  by  changing  the 
angle  of  the  variable  pump  wobbler  plate. 
Changing  the  angle  of  the  variable  pump  wobbler 
changes  the  reciprocating  action  of  the  pump  pis-^ 
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tons  and  causes  the  oil  to  be  transmitted  through 
the  port  plate  to  the  hydraulic  motor. 

19-5.  The  fixed  displacement  motor  unit  con- 
sists of  the  motor  block  assembly  and  the  motor 
wobbler  plate.  The  oil  pressure  delivered  through 
the  port  platcTrom  the  pump  forces  the  pistons 
of  the  motor  against  the  motor  wobbler  plate. 
The  force  the  pistons  exert  on  the  wobbler  plate 
is  determined  by  the  pump  output;  the  greater 
the  pump  output,  the  greater  the  force  exerted 
by  the  motor  pistons  against  the  motor  wobbler 
as  the  cylinder  block  rotates.  The  motor  wobbler, 
which  is  free  turning,  is  connected  to  the  output 
gear  section  to  drive  the  generator.  Thus,  the 
linear  piston  action  is  converted  to  notary  motion. 

19-6.  Before  you  learn  how  the  output  of  the 
drive  is  varied  by  changing  the  angle  of  the  pump 
wobbler,  let  us  discuss  some  of  the  conditions 
under  which  the  drive  operates.  There  are  three 
distinct  phases  in  the  operation  of  the  drive.  One 
occurs  when  the  drive  is  accepting  input  rotation 
and  stepping  it  down.  This  is  known  as  under- 
drive.  Another  occurs  when  the  drive  is  accepting 
input  rotation  and  stepping  it  up.  This  is  known 
as  overdrive.  Another  phase  is  straight  through, 
when  the  input  rotation  drives  the  cylinder  block 
at  a  rate  that  requires  no  modification.  Now, 
let's  examine  each  of  these  phases  in  detail. 

19-7.  Underdrive.  When  the  pump  wobbler 
is  moved  to  the  underdrive  position,  which  is  the 
position  opposite  to  that  shown  in  figure  57,  the 
output  speed  of  the  motor  wobbler  bccofnes  less 
than  the  speed  at  which  the  cylinder  block  is 
being  rotated  by  the  aircraft  engine.  The  angle 
that  the  pump  wobbler  now  assumes  is  such  that 
the  ratio'*  of  displacement  of  the  motor  is  greater 
than  that  of  tiie  pump.  In  this  condition,  the 
pump  ceases  to  supply  working  pressure  to  the 
motor.  This  allows  the  motor  pistons  to  stroke 
under  the  influence  of  the  reactive  torque  (load) 
of  the  generator,  and  oil  is  displaced  to  the  pump. 

motor  wobbler  is  then  driven  at  a  slower 
speei^than  the  cylinder  block. 

\9-SSQverdrive.  When  the  cylinder  block  ro- 
tation is  wHow  the  required  6000-rpm  output, 
the  pump  wobbler  assumes  an  overdrive  position, 
as  shown  in  figure  57.  With  the  pump  wobbler 
in  this  position,  the  displacement  of  the  pump  pis- 
tons is  greater  than  the  displacement  of  the  nio- 
tor.  Pumping  of  oil  then  takes  place  from  the 
pump  to  the  motor,  and  the  reciprocation  of  the 
motor  pistons  exerts  a  positive  thrust  upon  the 
face  of  the  motor  wobbler  plate.  This  thrust 
forces  the  wobbler  to  increase  its  rotation  above 
the  rate  at  which  the  cylinder  block  is  being 
rotated.  In  this  way,  the  linear  thrust  of  the 
pistons  is  translated  into  additional  rotary  motion 
of  the  wobbler,  and  the  output  rotation  exceeds 
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the  input  rotation.  In  this  manner,  the  trans- 
mission— by  hydraulic  action — adds  to  the  input 
rotation  speed. 

19-9.  Straighhthrough  drive.  When  the  input 
to  the  transmission  equals  the  desired  6000-rpnf 
output^  lHe"pump  wobbler~ assumes  a  straighF" 
through  drive  position.  This  angle  is  such  that, 
neglecting  piston  blowby,  there  is  no  reciprocating 
of  the  pistons  and  no  displacement.  In  this  phase, 
rotary  motion  is  transmitted  through  the  trans- 
mission without  gain  or  loss,  and  is  simply  a 
coupling  between  <lhe  aircraft  engine  and  the 
generator. 

19-10.  Now  that  you  are  familiar  with  the 
operation  of  the  cylinder  block  assembly,  let  us  . 
see  how  the  pump  wobbler  is  moved  in^rcsponse 
to  changing  speed  conditions.  We  have  stated 
that  the  angle  of  the  pump  wobbler  is  controlled 
by  the  drive  governor  system.  We  will  now  dis- 
cuss the  drive  governor  system. 

19-11.  Drive  Govfrnor  System,  The  governor 
system  has  two  functions:  (1)  to  control  the 
drive  output  speed,  and  thereby  the  generator 
frequency;  and  (2)  to  equalize  the  load  between 
generators  operating  in  parallel.  The  drive  gov- 
ernor system  consists  of  the  wobbler  control,  the 
basic  speed  governor,  as  shown  in  figure  57,  and 
the  unit  known  as  a  frequency-and-load  controller 
(not  shown).  The  anangement  and  operation 
of  these  units  make  it  possible  to  accurately  con- 
trol the  angle  of  the  pump  wobbler,  and  hence 
to  control  the  output  speed  of  the  drive. 

19-12.  Wobbler  control.  The  wobbler  control 
shown  in  figure  57  operates  in  conjunction  with 
the  basic  speed  governor  to  position  the  pump 
wobbler  in  response  to  speed  changes. 

19-13.  Basic  speed  governor.  The  basic  speed 
governor  is  a  spring-biased,  flyweight-type  gover- 
nor. It  is  driven  from  the  output  gears  of  the 
drive  and  senses  variations  from  the  desired  6000 
rpm.  When  the  output  speed  increases,  centrifu- 
gal force  causes  the  flyweights  to  move  farther 
apart,  and  when  the  speed  decreases,  the  fly- 
weights move  inward.  The  flyweight  assembly 
is  connected  to  a  piston  that  meters  oil  to  either 
side  of  the  wobbler  control.  As  oil  is  metered 
to  either  the  underdrive  or  overdrive  side  of 
the  wobbler  control,  the  pump  wobbler  angle  is 
changed.  In  this  manner,  the  governor  responds 
to  speed  and  load  variations  and  produces  a  con- 
stant output  speed. 

19-14.  The  term  "basic  speed  governor'*  is  de- 
rived from  the  fact  that  the  metering  piston  th^t 
directs  oil  to  either  side  of  the  wobbler  control  is 
spring-biased  so  that  it  establishes  a  basic  gen- 
erator frequency  of  395  Hz.  In  this  manner,  if 
electrical  control  of  the  drive  is  lost,  the  system 
will  ^rojp  to  395  Hz.  Since  395  Hz  is  only  a 
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reference  frequency,  some  means  must  be  pro- 
vided to  adjust  and  maintain  the  frequency  at 
the  desired  400-H2  point.  This  is  the  purpose  of 
the  frequcncy-and-load  controller.  The  fre- 
quency-and-load  controller  is  a  device  that  senses 
deviations  from  the  desired  frequency  and  the 
amount  of  load  on  the  generator,  and  adjusts  the 
basiCL^^p^ed  governor  so  that,  the  pump  wobbler 
is  positioijki  at  the  correct  angle  to  maintain  the 
output  of  tne  drive  within  the  desired  limits.  The 
operation  of  the  frequency-and-load  controller 
will  be  discussed  in  greater  detail  later  in  this 
volume,  but  for  the  present,  we  shall  discuss  the 
various  means  provided  to  adjust  the  basic  speed 
governor  to  maintain  the  desired  400-Hz  fre- 
quency. 

19-15.  Some  models  of  the  constant-speed 
drive  use  a  precision  frequency  control  motor  to 
mechanically  adjust  the  basic  speed  governor  in 
response  to  signals  from  Tl^e  frequency-and-load 
controller.  The  motor  is  a  two-phase  induction 
type,  connected  to  a  gear  arrangement  that  re- 
positions the  metering  piston  of  the  basic  speed 
governor  as  necessary. 

19-16.  The  drive  shown  in  figure  57  adjusts  the 
basic  speed  governor  magnetically.  In  this  basic 
speed  governor,  the  flyweights  are  alnico  slugs 
soldered  to  the  shoe  of  a  standard  flyweight.  A 
trim  coil  is  mounted  in  the  governor  head  directly 
above  the  flyweights.  The  coils  receive  signals 
from  the  frequency-and-load  controller  and  .mag- 
netically trim  the  speed  of  the  drive  by  adding 
to  or  subtracting' from  the  centrifugal  force  of 
the  flyweights. 

19-17.  Now  that  you  are  familiar  with  the  nor- 
mal operation  of  the  drive,  we  shall  turn  to  some 
of  the  abnormal  operating  conditions,  such  as 
overspeeding  and  underspeeding. 

1^-18.  Limit  governor.  The  limit  governor  is 
the  second  of  the  two  flyweight  governors  (see 
fig.  57).  It  is  a  protective  device,  and  it  serves 
two  purposes;  it  places  the  drive  in  a  full  under- 
drive  condition,  in  case  of  an  overspeed  or  un- 
derspeed  of  the  output;  and  it  automatically 
removes  the  generator  of  that  particular  drive 
from  the  load.  The  units  concerned  with  pro- 
tecting the  drive  from  over/under  speed  condi- 
tions are  the  limit  governor,  the|JPi^erspeed-and- 
overspeed  pressure  switch,  and  the  s^^tle  valve. 
These  units,  m  conjunction  with  the  basic  speed 
governor,  control  oil  pressure  to  either  side  of 
the  wobbler  control.  To  understand  their  opera- 
tion, let  us  assume  that  the  drive  is  in  an  over- 
speed  condition. 

19-19.  Overspeed.  The  drive  is  considered  to 
be  in  an  overspeed  condition  when  its  output 
speed  IS  in  excess  of  approximately  7000  rpm. 


In  normal  operation  ' (6000  rpm  output  range), 
the  limit  governor  and  the  shuttle  valve  have  no 
effect  on  the  system.  Although  the  flyweights  ro-  . 
tate,  they  do  not  exert  enough  force  on  the  me^ 
tering  piston  inside  the  limit  governor  to  over- 
come the  spring  tension  exerted  on  the  piston. 
The  only  effect,  of  the  governor  is  that  the  me-^ 
tering  piston  moves  far  enough  to  allow  ojl  pres- 
sure to  operate  the  underspeed-and-overspeed 
pressure  switch.  When  the  underspeed-and-ovcr- 
speed  pressure  switch  is  actuated,  it  allows  the 
generator  to  be  connected  to  the  aircraft  bus 
system.  This  will  be  discussed  in  greater  detail 
later  in  this  volume.  For  the  present,  it  is  enough 
to  know  that  when  the  pressure  switch  receives 
oil  pressure,  the  generator  output  can  be  used; 
and  when  the  underspeed-and-overspeeH  pressure 
switch  is  not  receiving  oil  pressure,  the  -g^^nerator 
is  de-excited  and  has  no  usable  output.  Also, 
under  normi  conditions,  the  shuttle  valve  is  in 
such  a  position  that  it  allows  oil  pressure  to  be 
ported  to  the  overdrive  side  of  the  wobbler  con- 
trol. Now,  let's  see  what  happens  when  the  drive 
goes  into  an  overspeed  condition. 

19-20.  As  the  speed  of  the  drive  increases 
above  approximately  7000  rpm,  the  flyweights  of 
the  limit  governor  move  farther  apart  and  adjust 
the  metering  piston  to  a  position  which  allows 
the  oil  supply  to  both  the  shuttle  valve  and  the 
pressure  switch  to  drain  into  the  sump  of  the 
drive.  When  the  oil  is  drained  from  the  shuttle 
valve,  the  spring  inside  the  shuttle  valve' forces 
the  valve  stem  downward.  This  action  effectively 
shuts  off  the  oil  supply  to  the  overdrive  side  of 
the  wobbler  control  and  also  drains  the  remaining 
oil  out  of  the  overdrive  side.  Now,  the  oil  sup- 
plied through  the  limit  governor  forces  the  wob- 
bler control  into  the  maximum  underdrive  posi- 
tion (negative  angle),  and  the  drive  starts  to 
slow  down.  At  the  same  time,  when  the^oil  pres- 
sure was  drained  from  the  pressure  switch,  the 
generator  was  de-excited  and  that  generator  .was 
removed  from  service.  A  shutdown  caused  by  an 
overspeed  condition  is  an  irreversible  process,  be- 
cause the  charge  pumps  will  maintain  enough 
pressure  to  Iceep  the  shuttle  valve  in  the  down 
position  and  the  pump  wobbler  remains  in  the 
maximum  underdrive  position.  The  limit  governor 
metering  piston  is  al^o  held  in  a  position  that 
prevents  oil  pressure  from  entering  the  pressure 
switch,  and  -  thus  the  generator  cannot  be  put 
back  into  service.  The  drive  cannot  be  recycled 
until  the  engine  has  completely  st9pped. 

19-21.  Underspeed.  The  drive  is  considered 
to  be  in  ah  underspeed  condition  when  the  out- 
put speed  drops  below  approximately  4500 
rpm.  Under  this  condition,  the  limit  governor 
flyweights  move  farther  in.  and  (as  in  an  over^ 
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speed  condition)  the  shuttle  valve  stem  moves 
down,  the  oil  is  from  the  overdrive  side  of  the 
wobbler  control,  the  pump  wobbler  moves  to  a 
negative  angle,  and  the  oil  is  ported  from  the 
undetspecd-and-overspced  pressure  -switch.  The  _ 
only  difference  between  an  overspeed  shutdown 
and  an  underspeed  shutdown  is  that  in.  an  under- 
specd  shutdown  the  drive  can  recycle  itself  if  the 
speed  is  brought  back  to  normal*  Oil  pressure 
will  not  hold  the  shuttle  valve  in  the  down  po- 
sition, nor  will  the  port  to  the  pressure  switch  be 
blocked  if  the  output  speed  becomes  normal 
again.  The  drive  and  generator^can  be  returned 
to  operation  if  the  drive  shuts  down  because  pf 
an  underspeed  condition,  but  cannot  be  used 
again  in  flight  if  the  drive  has  shut  down  be- 
cause of  an  overspeed  condition.  There  are  a 
few  more  features  of  this  drive  that  we  shoMd 
discuss  before  we  can  discuss  other  types  of  gen\ 
erator  drives. 

19-22.  Overrunning  clutch.  The  clutch  is  a 
one-way  device  through  which  the  generator  con- 
nects to  the  output  gear  section  of  the  drive.  It  is 
a  sprag-type  unit  that  prevents  an  overrunning 
or  motorized  generator  from  damaging  the  drive. 
As  long  as  the  drive  is  turning  the  generator,  the 
clutch  is  engaged.  If,  for  some  reason,  the  gen- 
erator is  being  motorized,  or  is  turning  faster 
than  the  drive,  the  clutch  is  disengaged  and  al-  ^ 
lows  the  generator  to  run  free. 

19-23.  Decoupling,  Some  late  model  drives 
have  decoupling  circuits  that  enable  the  input  to 
the  drive  to  be  completely  disconnected  from  the 
aircraft  engine  if  a  drive  malfunction  occurs. 

19-24.  The  typical  CSD  we  have  just  de- 
scribed is  designed  to  operate  a  40-kva  ac  genera- 
tor. This  drive  can  best  be  described  as  a 
"linear"  drive  to  distinguish  it  from  a  newer  type 
of  CSD  that  uses  radial  type  pumps. 

19-25.  Drive  maintenance.  .Only  limited  re- 
pair of  a  constant-speed  driye  is  authorized  at 
field  level.  If  your  shop ^0CS  not  have  the  basic 
field  test  stand,  no  attempt  should  be  made  to 
repair  any  of  the  drive  components. 

19-26.  The  main  housings  of  the  drive  should 
not  be  opened  under  apy  circumstances.  Internal 
servicing  of  the  CSD  requires  controlled  environ- 
mental conditions,  and  special  test  equipment  and 
tools  not  generally  available  to  your  shop.  Only 
those  parts  listed  in  the  replacement  parts  chart 
of  the  technical  reference  for  the  particular  drive 
on  which  you  are  working  should  be  removed 
and  replaced  or  repaired.  You  will  usually  find 
that  repairs  will  be  limited  to  such  items  as  oil 
fillers,  pressure  switches,  external  plumbing, 
and — in  some  cases — govemof  assemblies. 


20.  AC  Generotor  Control 

System  Components  ^ 

20-1.  In  this  section  you  will  learn  the  various 
control  and  protective  devices  that  make  up  a 
constant=frcqucncy  ac  generatftr  system.  Foldout 
number  2  shows  a  complete  generator  control  sys- 
tem with  the  necessary  control  components. 

20-2.  A  Complete  and  thorough  knowledge  of 
how  these  components  operate  is  vital  to  the  suc- 
cessful performance  of  your  job  as  an  aircraft 
electrician.  For  example,  you  will  often  be  re- 
quired to  perform  an  operational  check  of  a  gen- 
erator system.  If  you  don't  know  how  the  system 
operates  under  normal  conditions,  you  can  see 
that  it  would  be  very  difficult  to  detect  any 
abnormal  conditions.  It  is  not  enough  that, you 
know  that  a  drive  unit  is  used  with  a  constant- 
frequency  system,  or  that  a  certain  type  of  volt- 
age regulator  is  used  with ya  certain  generator. 
You  must  have  an  intimaUf,  working  knowledge 
of  how  these  units  operare,  when  they  operate, 
and  what  effect  they  have  on  a  system  when  they 
do  not  operate. 

20-3.  Frequency  and  Load  Controller.  There 
is  a  frequency  and  load  controller  for  each  gen- 
erator. It  senses  the  real  load  deviation  (both 
magnitude  and  direction)  from  the  average  real 
load  shared  equally  or  balanced  among  the  gen- 
erators operating  in  parallel.  The  controller  sup- 
plies a  signal  to  the  speed  governor  setting,  on 
the  generator  drive,  to  correct  any  deviation  of 
the  generator  from  the  average  load. 

20-4.  The  controller  senses  the  generator  fre- 
quency through  a  frequency  discriminator  circuit 
and  controls  the  drive  from  the  output  of  the 
magnetic  amplifier  section.  The  real  load  is 
sensed  by  the  current  transformer  assembly  which 
is  attached  to  T3  on  the  generator  feeder  line, 
as  shown  in  figure  58.  The  current  .transformer 
assembly  is  part  of  a  load-division  loop  between 
generators  operating  in  parallel.  The  load-divi- 
sion loop  may  be  interconnected  for  parallel  op- 
eration through  the  bus  tie  and  generator  breaker 
contacts.  On  some  aircraft  the  controller  load 
input  signals  are  balanced  by  interconnection  of 
the  signal  input  circuits,  while  on  others  they  are 
interconnected  through  an  equalizing  loop.  Any 
real  load  unbalance  between  the  generators  is 
sensed  by  a  network  of  current  transformers, 
which  is  also  known  as  the  load-division  loop, 
and  will  produce  currents  in  the  equalizing  cir- 
cuits which  cause  the  controllers  to  reposition  the 
frequency  control  on  the  drives  in  a  direction  to 
correct  the  load  unbalance.  Thus,  each  controller 
has  two  circuits,  (1)  the  frequency  control  at^d 
(2)  the  load  control.  These  circuits  operate 
through  a  magnetic  amplifier  to  control  the  fre- 
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quency  of  their  respective  generators  and  divide 
the  real  load  between  paralleled  generators.  Let's 
follow  the  schematic  in  figure  58  and  discuss 
how  the  controller  functions. 

20-5.  Load-control  circuit.  A  reference  volt- 
age for  load  sensing  is  provided  at  the  output  of 
a  load-control  circuit.  The  source  of  this  voltage 
_J&.the  excitation  winding  Ucnninals-L^d  20  of 
the  magnetic  amplifier  which  is  connected  to  T3 
of  the  generator  output  and  to  ground.  An  aux- 
iliary power  winding  then  supplies  an  ac  voltage 
to  diodes  CRl  and  CR2,  from  terminals  12  and 
15,  with  the  circuit  being  completed  through  ter- 
minals 13  and  14.  The  load  control  circuit,  made 
4ip  of  CRl,  CR2,  R2,  R3,  RIO,  and  CI,  pro- 
vides a  dc  signal  whose  magnitude  and  polarity 
are  dependent  upon  the  magnitude  and  polarity 
of  the  current-transformer  load-loop  signal.  This 
signal  is  impressed  on  resistor  R13. 

20-6.  In  operation,  RIO  is  adjusted  so  the  load- 
control  circuit  provides  zero  output  when  no  sig- 
nal appears  on  R13.  The  ac  signal  from  the  cur- 


rent-transformer load-division  loop  enters  the 
load-control  circuit  across  R13  and  R15.  These' 
two  resistors  form  a  voltage  divider  circuit.  Wheir- 
the  ac  signal  of  Rl 3  is  in  phase  with  the  voltage  ' 
on  T3  of  the  generator,  it  adds  to  the  voltage 
across  one  resistor  and  the  same  side  of  RIO 
and  subtracts  from  the  voltage  across  the  other 
resistor  and_„the_  other  side_^  bf,^ip.  JllL-Situa-^ 
tion  is  reversed  when  the  ac  signal  on  R13  is  out 
of  phase  with  the  voltage  on  T3  of  the  generator. 
The  net  voltage  across  R2,  R3,  and  RIO  is  the 
difference  between  the  opposing  voUages  on  the 
upper  and  lower  halves.  Thus,  the  resultant  volt- 
age will  increase  as  the  generator  load  unbal* 
ancc  increases,  and  decrease  as  the  generator 
load  unbalance  decreases.  This  voltage  is  then 
applied  to  a  compensation  network.  This  is  a 
lead-lag  circuit  composed  of  C2,  C3,  C4,  R4, 
R5,  and  R6.  The  purpose  of  this  circuit  is  to 
improve  the  response  of  the  system  to  sudden 
changes  in  generator  load  and  to  boost  the  gain 
of  the  controller  when  the  error  signal  is  small. 
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TKrrprcvcnts  oscillatory  motion  or  "hunting"  of 
the  speed  governor  in  response  to  large  error  sig- 
nals, and  insures  rapid  corrective  action  when 
the  enor  signals  are  small.  Resistor  R16  can 
be  adjusted  to  vary  the  steady-stjite  gain  on  the 
controller.  The  output  of  the  compensation  net- 
worlc  is  applied  to  a  control  winding  (terminals 
3  aHd  6y~of  the  ma^etlc  "ampirfier.  The  mag-  " 
nedc  amplifier  boosts  this  dc  signal  and  produces 
a  dc  output  which  is  appliecj  to  the  trim  coil  of 
the  generator  speed  governor.  The  magnitude  and 
•  polarity  of  this  output  are  dependent  upon  the 
magnitude  and  polarity  of  the  dc  input.  The 
output  of  the  magnetic  amplifier  appears  across 
the  generator  speed  governor  and  resistors  RH 
and  R12.  ^ 

20-7.  Frequency  Control  circuit.  During  nor- 
mal operation  an  ac  voltage  from  the  auxiliary 
power  winding  is  applied  to  a  full-wave  rectifier  . 
circuit  consisting  of  CR3,  CR4,  and  R7.  The 
resulting  pulsating  dc  voltage  is  then  impressed 
across  R8,  R9,  R17,  and  the  remote  frequency 
and  real  load  control.  This  circuit  forms  a  bridge 
which  makes  it  possible  to  apply  a  dc  signal  to 
a  control  winding  (terminals  7  and  8)  of  the 
magnetic  amplifier.  This  signal,  in  turn,  provides 
a  bias  voltage  to  the  trim  coil  which  may  be 
varied  with  the  frequency  coiftrol  potentiometer. 
The  effect  of  this  bias  is  to  control  the  frequency 
of  the  generator  output. 

20-8.  Automatic  Paralleling  Unit,  fhe  auto 
parallel  unit  automatically  controls  closing  a  se- 
lected generator  breaker  for  paralleling  opera- 
tions. The  phase  "A"  voltage  of  the  incoming 
generator  (unit  selected)  and  the-  phase  **A" 
voltage  of  the  generator(s)  on  the  bus  tie  are 
.compared  by  a  phase  sensing  circuit  ifi  the  auto 
parallel  unit.  When  the  two  voltages  are  in 
phase,  a  relay  in  the  auto  parallel  unit  closes 
the  generator  circuit  breaker  to  parallel  the  ma- 
chines. Under  steady  state  conditions  of  load  and 
input  speed,  the  drive  maintains  the  generator 
frequencies  at  400  ±  1  Hz  if  the  frequency  and 
kws  control  on  the  electrical  control'  panel  is  at 
its  mid  point  of  travel.  The  frequency  and  kws 
control  provides  a  generator  frequency  variation 
of  ±  2  Hz.  The  auto  parallel  unit  will  operate 
only  if  the  generators  to  be  paralleled  are 
slightly  put  of  phase. 

20-9.  The  frequency  difference  between  the 
generators  must  be  two  cycles  per  second  or  less. 
Therefore,  it  may  be  necessary  at  times  to  repo- 
sition the  frequency  and  kws  control  to  bring  the 
two  generators  to  within  two  cycles  per  second. 
When  there  is  no  voltage  on  the  bus  tie,  the 
auto  parallel  unit  does  not  affect  control  of  the 
generator  breaker  due  to  auto  parallel  control 
relay  action.  The  control  relay  transfers  genera- 


A.  POINT  WHERE  RELAY  #1 
ENERGIZES 

POINT  WHERE  RELAY  #1 
^OE.ENEHGIZES 


C.  OPTIMUM  PHASE  ANGLE 

FOR  PARALLELING 
T.  OEUY  TIME  OF  REUY  #2 

PLUS  CIRCUIT  BREAKER 


Figure  60.  Time  curve. 

tor  close  coil  control  between  the  generator 
breaker  switch  and  the  auto  parallel  unit.  The  ^ 
relay  is  energized  by  power  from  the  bus  tie 
through  the  "VOLTMETER— SYNC  LIGHT— 
FREQ  METER"  circuit  breaker  on  the  main  ac 
power  panel.. 

20-10.  Now  let's  take  a  look  at  how  this  is 
accomplished.  The  automatic  paralleling  unit  is 
connected  in  the  generator  control  circuit  as  shown 
in  figure  59. 

20-11.  The  paralleling  circuit  works  at  a  maxi- 
mum difference  frequency  of  4  cjJs  between  ifyt 
two  ac  generators.  A  full-wave  rectifier  is  con- 
•  nected  to  the  same  phase  on  each  ac  generator 
output.  The  output  of  this  rectifier  is  connected 
to  relay  L  The  voltage  between  the  two  phases 
depends  on  the  phase  angle  between  the  two 
phases.  At  a  difference  of  180^  the  voltage  will 
be  at  its  maximum,  twice  the  phase  voltage. 
When  the  phase  difference  is  zero  degrees,  the 
voltage  difference  will  also  be  zero.  As  this  volt-  ' 
age  rises,  the  output  voltage  of  RTl  rises  (see 
fig.  60).  Relay  J  actuates  (point  A)  and  . 
connects  capacitor  CI  in  series  with  diode  -Dl 
across  the  rectifier.  CI  in  charges  through  Dl 
to  the  maximum  voltage  across  the  rectifier.  Dl 
prevents  CI  from  discharging  during  the  time  the 
vqltage  is  decreasing  from  the  peak  value  to 
point  B.  When  the  voltage  output  of  the  recti- 
fier drops  sufficiently  (point  B,  fig.  60),  relay  I 
deenergizes  and  CI  discharges  through  relay  IL 
Relay  11  actuates  and  causes  the  dc  voltage  at 
pins  E  and  H  to  be  connected  to  pins  C  and  B 
of  the  APU.  This  dc  voltage  is  applied  to  circuit 
breakers  which  parallel  the  generators.  R2  pro- 
tects rectifier  RTl  by  limiting  the  cuaent  through 
the  rectifier.  R3  and  R4,  when  properly  jump- 
ered, permit  relay  I  to  actuate  at  the  correct 
phase  difference.  The  delay  time  (T)  indicated 
in  figure  60  allows  relays  I  and  II  sufficient 
time  to  act  before  the  generators  are  to  be  par- 
alleled. 

20-12.  Mag-Amp  Voltage  Regulator.  A  mag- 
anlp  voltage  regulator  operates  on  the  principle 
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of  a  saturable  reactor.  You  will  recall  that  wc  ♦ 
discussed  magnetic  amplifiers  and  saturable  re- 
actors earlier  in  the  course.  Now  you  will  sec  the 
practical  application  of  what 'you  have  already 
learned.  '  ^ 

20-13.  Regulator  Optratioiu  A  typical  mag- 
amp  voltage  regulator  is  shown  schematically  in 
figure  61.  This  is  a  closed-loop  voltage  regulator 
system,  and  the  sensing  circuit  supplies  a  signal 
proportional  to  the  average  of  the  three  line  volt- 
ages to  a  dc  control  winding  (sensing  circuit  of  , 
fig.  61).  The  voltage  regulator,  through  its  con- 
trol circuits  and  its  output  to  the  exciter  shunt 
field  tends  to  mmimize  any  error,  attempting  to 
keep  the  generator  output  voltage  constant.  This 
signal  is  compared  magnetically  Jto  the  reference 
signal  (the  reference  signal  is  constant  over  a 
large  range  of  generator  output)  in  the  first-stage 
magnetic  amplifier.  The  resultant  value  of  mag- 
netic flux  of  the  reference  signal  and  the  sensing 
signal  is  called  generator  error,  and  this  error 
controls  first-stage  output.  The  output  of  the 
first  stage  is  u$ed  to  power  the  control  winding 
of  the  second  stage  and  thereby  control  second- 
stage  output  to  the  shiint  fi^ld  of  the  exciter 
generator.  The  first-stage  magnetic  amplifier  uses 
additional  windings  which  assist  in  the  control  of 
,the  output  circuit. 

20-14.  The  first-stage  output  is  fed  into  a 
second-stage  dc  control  winding,  which  is  com- 
pared to  a  bias  signal.  The  bias  circuit  is  very 
similar  to  the  reference  circuit,  except  that  the 
bias  circuit  signal  is  variable  and  is  proportional 
to  the  line  voltage.  The  magnetic  resultant,  bias 
and  the  first-stage  output  signals  control  the  sec- 
ond-stage output  voltage.  The  second  stage  is 
called  the  power  stage,  and  it  supplies  the  dc 
power  to  the  exciter  field.  The  amount  of  dc 
power  (excitation)  supplied  to  the  exciter,  con- 
trols the  level  of  output  voltage  of  the  ac  gen- 
erator. 

20-15.  To  maintain  a  stable  system,  a  feed- 
back network,  as  shown  in  figure  61  is  necessary. 
This  circuit  takes  a  ratc-of-change  signal  fronf 
the  exciter  output  voltage,  A  4-  to  A  —  ,  and 
feeds  it  into  a  control  winding  of  the  first  stage. 
This  signal  is  in  such  a  direction  as  to  oppose 
any  change  which  occurs  due  to  transient  load 
conditions. 

20-16.  In  order  to  obtain  output  power  for  the 
exciter  field  from  the  voltage  regulator,  ac  gen- 
erator output  is  rcquiwd  as  the  input  power  to 
the  voltage  regulator.^  starting  relay  is  used  to 
permit  generator  buildup^ithout  voltage  regula- 
tion. This  is  accomplished  by  using  normally 
closed  circuits  connected  from  A  4-  to  F  through 
the  generator  control  panel.  This  allows  the  gen- 
erator exciter  to  use  self  excitation  to  build  up 


the  ac  generator  voltage  so  that  the  power  is 
available  for  use  in  the  regulator.  As  soon  as 
the  ac  generator  builds  up  to  195  volts  line-to- 
e,  the  start  relay  contacts  are  opened.  This, 
tn,  allows  the  vohage  regulator  to  take  control 
of  the  system. 

20-17.  Boost  current  transformers,  one  lo- 
cated on  each  phase  lead  (see  fig.  61)  and 
connected  to  the  regulator  through  terminals 
CTl,  CT2,  ^nd  CT3,  are  us'^d  to  boost  or  com- 
pound the  regulator  output  during  overload  and 
short-circuit  conditions.  The  rated  voltage  output 
of  the  generator  is  required  under  all  conditions, 
including  that  of  overload.   The  boost  current 
transformers  indrease  the  regulator  maximum  out- 
put limit  by  increasing  the  voltage  supplied  to 
the  second-stage  magnetic  amplifier  output  cir- 
cuit. When  the  system  is  operating  at  rated  volt- 
age, the  regulator  controls  the  excitation  to  the 
exciter  field  as  required  to  maintain  the  system 
voltage  constant.  The  boost  current  transformers 
are  .used  only  to  extend  the  maximum  output 
limit  of  the  regulator.  During  three-phase  short- 
circuit  conditions,  the  voltage  drops  to  a  low 
value,  outside  the  limits  of  the  voltage  regulator. 
When  this  occurs,  there  is  no  control  of  the  ac 
system  except  by  the  boost  current  transformers 
which  are  designed  to  supply  the  rated  short- 
circuit  current.  Three-phase  sh^rt  circuits  are 
primarily  controlled  by  the  design  of  the  boost 
current  transformers  and  the  generator.  The  volt- 
age developed  across  the  boost  current  transform- 
ers during  three-phase  short  circuits  maintains  the 
voltage  on  the  starting  relay  coil  so  that  the  con- 
tacts remain  open  when  the  line-to-line  voltage 
drops  below  relay-closing  voltage  and  thereby 
prevents  the  voltage  regulator  from  cycling. 

20-18.  Under  varying  load  conditions,  the  gen- 
erator winding  temperatures  increase  and  conse- 
quently cause  generator  losses  to  increase  due  t6 
the  increa$cd^resistance.  In  order  to  maintain 
very  closely  regulated  voltage,  a  trimming  circuit 
or  positive  feedback  circuit  js  used.  This  circuit 
senses  the  exciter  output  vpltage  from  A+  to 
A—.  A  resistor  is  addfcd  to  the  feedback  circuit 
*so  that  the  circuit  boosts  the  regulator  output 
when  irequired  at  loads  of  50  percent  and  above. 

20-19.  When  several  generators  are  operating 
in  paralleU  the  voltage  regulators  function  to  con- 
trol the  division  of  reactive  load  (KVAR),  and 
they  have  only  a  negligible  effect  on  the  division 
of  real  load  (kw).  As  you  know,  real-load  di- 
vision is  controlled  by  the  speed  governors  of  the 
generator  drives. 

20-20.  A  current  transformer,  (see  fig.  61), 
whose  primary  is  the  power  lead  (T3)  from  the 
generator^  has  its  secondary  connected  to  XI 
and  X2  on  the  regulator,  which  in  turn  is  con- 
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nected  to  the  mutal  reactor  in  the  sensing  c^cuit 
of  the  voltage  (;egulators.  It  is  essential  that  the 
current  tran^onners  be  connected  exactly  as 
shown  and  that  it  be  placed  on  the  ^wer  lead 
T3  (C  phas^)  with  the  HI  end  of  the  trans- 
former directed  toward  the  generator.  The  XI 
and  X2  terminals  of  the  current  transformer  are 
connected  into  an  Equalizer  loop  (fig.  61),  which 
is  a  series-parallel  loop  ^th  the  XI  terminals  of 
one  current  transformer  connected  to  the  X2 
terminals  of  the  current  transformer  of  the  next 
generator  in  the  parallel  system.  The  diagram 
shows  that  one  of  the  auxiliary  switches  of  the 
generator  circuit  breaker  is  connected  to  short 
circuit  terminals  XI  and  X2  of  the  currcn|t  trans- 
former when  the  circuit  breaker  is  open.  Thus, 
a  generator-regulator  imit  that  is  disconnected 
from  the  bus  will  not  affect  the  regulated  volt- 
age in  the  rest  of  the  ac  system. 

20-21.  Regulator  ControK  The  performance 
of  any  regulator  <lepends  on  the  performance  of 
the- various  subcontrol  circuits  located  within  the 
regulator.  We  will  now  discuss  these  individual 
circuits  and  their  operation. 

20-22.  Reference  circuit.  The  reference  circuit 
in  this  regulator  supplies  a  constant  output  dc 
which  is  used  as  the  name  infers.  This  reference 
is  a  completely  static  device  which  is  not  sen- 
sitive to  normal  operating  frequency  Changes  and 
normal  voltages  changes.  If,  during  nonrial  op- 
eration, the  references  signal  (34  to  38  milli- 
amperes)  is  lost  for  any  reason,  the  voltage  reg- 
ulator output  will  go  to  minimum.  When  this 
happens,  the  system  voltage  will  cycle  because  of 
the  opening  and  closing  of  the  starting  relay  con- 
tacts as  the  system  voltage  rises  and  falls.  The 
system  voltage  will  go  to  approximately  200  volts 
and  then  fall  6ff  to  100  volts,  cycling  at  a  fre- 
quency of  5  to  10  Hz. 

20-23.  Sensing  circuit.  The  sensing  circuit 
applies  a  57-vdc  signal,  proportional  to  the  aver- 
age of  the  three  ac  phase-to-phase  voltages,  to  a 
control  winding  of  the  first-stage  magnetic  am- 
plifier. This  signal  is  in  such  a  direction  to 
oppose  the  signal  supplied  by  the  reference  cir- 
cuit, and  tends  to  (Irive  the  first  stage  output  to 
minimum.  If,  for  any  reason,  the  sensing  signal 
(28  to  35  milliamperes)  is  lo^t,  the  regulator  out- 
put goes  to  maximum  forcing  the  output  voltage 
of  the  system  to  go  to  maximum,  which  is  ap- 
proximately 300  volts  at  400  Hz  with  no  load 
on  the  generator.  Faulty  rectifiers  in  this  circuit 
usually  cause  the  voltage  level  of  the  system  to 
go  high,  since  they  decrease  the  dc  output  signal. 

20-24.  Power  trhnsformers.  The  power  trans- 
formers provide  the  power  required  by  the  reg- 
ulator. The  primary,  power  of  the  power  trans- 
former is  wye-connoted  with  all  three  phases 


tapped.  TLis  tapped  at  70  volts  line-to-ground 
(neutral)  to  supply  the  voltage  for  the  second- 
stage  bias  circuit.  T2  is  tapped  at  30  volts 
phase-to-ground  to  supply  the  ac  power  for  the 
first-stage  magnetic  amplifier.  T3  is  tapped  at 
120  volts  phase-to-ground  in  ordei^to  supply  the 
power  for  the  reference  circxiit. 

20-25.  Current  transformers.  The  lioost  cur- 
rent transformers  are  used  to  supply  the  voltage 
required  by  the  second-stage  amplifier  during 

^short-circuit  conditions.  The  secondary  voltage 
of  a  current  transformer  will  be  approximately  20 
volts  at  200  percent  short-circuit  current.  If  the 
current  transformers  are  not  connected,  the  reg- 
u^tor  will  not  have  sufficient  power  for  the 
magnetic  amplifier  power  circuit,  and  therefore 
the  system  will  cycle  as  if  there  were  no  ref- 
erence current.  If  the. current  transformers  are 
connected  in  reverse,  there  will  be  a  decreasing 
system  voltage  as  load  is  applied  to  the  generator. 

20-26.  Starting  relay.  The  starting  relay  is 
used  to  short  out  the  regulator,  complete  the 
citer  field  circuit,  and  allow  the  generator  to 
build  up  under  self-excitation.  The  opening 
voltage  of  the  relay  is  approximately  195 'volts 
phase-to-phase.  Should  the  relay  have  an  open 
coil  or  welded  contacts,  the  power  system  will 
go  to  overvoltage^  300  volts  at  400  Hz.  On  th^ 
other  hand,  high-resistance  contacts  will  keep  the 
generator  from  building  up.  With  the  field  flash- 
ing circuit  there  should  be  no  difficulty  due  to 
high-resistance  contacts. 

20-27.  Bias  circuit.  The  bias  circuit  is  used 
to  bias  the  second-stage  magnetic  amplifier  to 
minimum,  opposing  the  first-stage  output  power. 
The  output  of  the  bias  circuit  is  approximately 
32  milliamperes.  Should  this  signal  be  lost,  the 
regulator  output  will  tend  to  be  high,  forcing  the 
system  voltage  high. 

.20-28.  Amplifier  Stages,  The  first  stage  mag- 
netic amplifier  is  a  self-saturating,  single-phase, 

*  full-wave,  magnetic  amplifier.  Of  the  two  stages 
of  magnetic  amplification,  the  first  stage  is  the 
mcfH  important,  since  it  determines^  what  hap- 
pens to  the  system  voltage  during  normal  oper- 
ating conditions.  The  second  stage  is  used  only 
for  power  amplification,  whereas  the  first  stage 
not  only  amplifies  but  also  receives  all  of  the 
converging  system  signals  which  cause  the  volt- 
age regulator  to  maintain  a  constant  generator 
output  voltage.  The  most  common  failure  in  the 
first  ^age  is  probably  in  onp  of  the  rectifiers. 
Complete  failure  of  rectification  can  cause  the 
regulator  output  to  go. to  zero.  If  one  saturating 
rectifier  fails,  the  regulator  will  indicate  instabil- 
ity. Other  failures,  such  a&^  an  open  winding  br 
shorted  turns,  are  very  unlikely. 
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Figure  62,   Typical  generator  control  panel, 


20-29.  The  second-stage  magnetic  amplifier  is 
a  three-phase,  self-saturating,  full-wave  type. 
This  is  the  power  stage,  and  it  is  contrpUcd  by 
the  first  stage  in  such  a  maimer  that  the  power 
supplied  to  the  generator  exciter  is  regulated  to 
maintain  rated  system  voltage. 

20-30.  The  commutating  refctifier  consists  of  a 
half -wave,  60-volt  cell  connected  across  ^the  out- 
put of  the  second-stage  magnetic  amplifier  in 
parallel  with  the  shunt  field  of  the  exciter.  This 
rectifier,  connected  across  the  inductive  load,  im- 
proves the  response  time  of  the  regulator.  When 
this  rectifier  is  open,  the  system  voltage  will  col- 
lapse, since  there  would  then  be  a  dead  short 
across  the  shunt  field. 

Paragraph  20-31  deleted. 

20-32  Generator  Control  Panel.  The  typical 
control  panel  selected  for  this  discussion  contains 
the  necessary  relays  and  sensing  units  to  perform 
such  functions  as  generator  field  flashing,  genera- 
tor exciter  control,  anticycling,  and  overvoltage 
protecuon.  Overexcitation  and  underexcitation 
protection,  underspced  protection,  exciter  protec- 
tion, and  fault  protection. 

20-33.  A  typical  generator  control  panel  is 
shown  in  figure  62.  We  shall  discuss  each  of  the 
components  in  the  control  panel  and  see  exactly 
how  and  when  each  unit  operates.  Later  in  this 
volume  you  will  see  how  the  generator  control 
panel  in  an  operating  system  functions  in  con- 
junction with  the  other  units  of  a  generator  sys- 
tem. 

20-34.  Generator  control  relay.  The  genera- 
tor control  relay  (see  fig.  62)  is  used  to  open  or 
close  the  exciter  field  of  the  generator.  It  is  an 
electrically  operated,  mechanically  latched  relay. 


The  "close"  coil  of  the  GCR  is  connected  to  the 
"close"  side  of  the  generator  switch  (not  shown). 
When  the  generator  switch  is  moved  to  the 
CLOSE  position,  the  "close"  coil  is  energized, 
pulling  the  contacts  into  the  closed  position, 
where  they  are  held  in  place  by  the  mechanical 
latch.  At  the  same  time,  the  exciter  fiefd  of  the 
generator  is  momentarily  flashed. 

20-35.  The  trip  coil  of  the  GCR  is  energized 
by  moving  the  generator  switch  to  the  TRII^ 
position,  or  by  the  operation  of  certain  protective 
devices  within  the  coijtrol  panel.  When  the  trip 
coil  is  energized,  it  releases  the  mechanical  latch, 
and  spring  tension  moves  all  the  contacts  into  the 
OPEN  position. 

20-36.  Lockout  relay.  The  lockout  relay  (see 
fig.  62)  is  used  to  prevent  generator  cycling  dur- 
ing a  fault  condition.  The  lockout  relay  coil  is 
connected  across  the  trip  coil  of  the  GCR  so  that 
both  coils  are  energized  simultaneously.  There- 
fore, any  control  action-^manual  or  automatic — 
that  trips  the  generator  out  through  the  OCR  will 
cause  the  lockout  relax,^o  energize.  When  ener- 
gized, the  lockout  rel;iy  interrupts  the  field  flash- 
ing circuit  and  opens  the  circuit  to  the  "close" 
coil  of  the  GCR.  Since  the  "close"  circuit  is 
complete  through  the  deenergized  contacts  of  the 
lockout,  you  can  see  that  if  the  generator  switch 
is  moved  to  the  CLOSE  position  while  tKe  lock- 
out relay  is  energized,  the  only  Result  will  be  to 
keep  the  lockout  relay  energized  as  long  as  the 
trip  fault  exists. 

20-37.  Underspeed  relay.  The  underspeed 
relay  (fig.  62)  is  provided  to  disconnect  the  gen- 
erator from  the  aircraft  distribution  system  in 
case  the  drive  goes  into  an'  underspeed  condition. 
The  ground  for  the  underspeed  relay  is  com- 
pleted when  the  underspced  pressure  switch  on 
the  generator  drive  closes. 


I 


20-38.  Differential  fault  relays.  The  differen- 
tial fault  relays  (fig.  62)  provide  fault  protection 
for  the  generator  and  the  generator  feeder  wires. 
A  fault  witjiin  a  generator  or  in  any  of  the  gen- 
erator feeder  wires  will  result  in  a  greater  current 
flowihg  in  the  neutral  lead  of  the  faulted  phase 
than  flows  to  the  power  distribution  system) 
through the  fc^er  wires.  The  sensing  of  this 
cUfferential  fault  is  done  through  ring-txpc  cur- 
rent transformers  for  each  phase,  one  on  the 
generator  neutral  lead  and  one  on  each  of  the 
feeders  supplying  power  to  the  power  distribution 
system.  The  neutral  and  distribution  feeder 
transfOTners  for  each  phase  are  connected  in 
parallel  across  the  differential  fault  relay  coils  m 
the  generator  control  panel.  During  normal  op- 
eration, the  current  through  th^e  neutral  and  dis- 
tribution feeder^ ^11  be  the  same;  the  vohagcs 
induced  in  the  ^6  current  transformers  of  each 
phase  will  be  equal  and^posite,  and  no  current 
will  flow  in  the  relky  coil.  *When  a  fault  occurs, 
the  voltages  induced  inNthe  two"transformcrs  dif- 
fer by  the  amount  of  faulns^irent  which  produces 
current  flow  in  the  relay  coil.  A  fault  causing  a 
30-ampere  differential  current  will  instantly  close 
the  differential  fault  relay  contact  tomfugut the 
GCR  of  the  faulted  generator.  This  effecti^lji^a 
removes  ^he  generator  from  the  system. 

20-39.  A  balanced  three-phase  fault  on  the  , 
interconnecliitg  fcfeder  Wires  when  two  or  more 
generators  are  opera^ng  in  parallel  will  produce' 
excessive  exciter  armature  voltage  and  system 
under-voltage  on  all  the  generators.  Excessive 
exciter*  voltage  is  sensed  by  the  exciter  voltage 
relay  (fig.  62)  and  undervoltage  is  sensed  by  the 
excitation  relay.  Bot|?  relays.' energize  the  heat- 
ing elements  of  the  thermal  time-delay  switcfics 
(also  shown  in  fig.  62).  Thermal  time-delay 
switch  Nr.  2  will  close  in  from  2  to  4  seconds  and 
isolate  that  generatpr  from  |Jie*rcst  of  the  system. 
If  the  trouble  ctStitir^ucs,  thermal  time-delay 
switch  Nr.  1  wiU  close  in  from  5  to  10  seconds  • 
and  energize  the  trip  coil  of  the  GCR  for  that 
generator. 

20-40.  Overexcitation-underexcitation  protec- 
tion circuit.  Protection  agaiiftt  excessive  reactive 
current  flow  In  the  generators  and  reactive  un- 
balance in  the  distribution  system  is  provided  by 
the  overexcitation-underexcitation  (OE-UE)  cir- 
Cuit./The  OVEREXCITATION  relay  and  the 
U>fDEREXCITATION  relay  in  each  generator 
control  relay  automatically  control  isolating  or 
tripping  the  generators  in  parallel  when  such 
nialfunctions  occur.  The  overexcitation  relay 
functions  to  isolate  the  defective  generator  from 
the  remaining  generators.  The  underexcitation 
relay  controls  tripping  the  GCR  through  the 
thermal  time-delay  switches.  Note  that  both  the 

92 


underexcitauon  relay  and  the  overexcitation  re- 
lay are  energjzed  during  normal  operation  and 
complete  their  respective  circuits  only  when  de- 
energized. 

20-41.  The  wye-delta  transformer  and  full- 
wave  rectifier  shown  in  figure  62  are  used  to 
supply  operating  power  and  the  generator  refer- 
ence voltage  to  the  OE-UE  relays.  The  voltage 
to  the  relays  will  be  increas.ed  or  decreased, 
depending  on  the  amount  and  direction  of  the 
unbalanced^  reactive  current  of  one  generator  rel- 
ative to  that  of  the  other  generators.  This  is 
achieved  by  connecting  a  current  transformer  so 
that  its  otitput  is  applied  to  the  mutual  reactor, 
also  shown  in  figure  62.  The  mutual  reactor  af- 
fects one  phase  of  the  voltage  being  applied  to 
the  full- wave  rectifier.  The  current  transformers 
and  mutual  reactors  of  all  the  generators  are 
connected  into  a  loop  circuit  known  as  the  OE- 
UE  loop. 

20-42.  The  OE-UE  loop  functions  only  when 
the  generators  are  paralleled  together.  As  long 
as  the  reactive  load  is  equally  divided,  the  volt- 
ages in  the  OE-UE  loop  are  balanced,  and  the 
overexcitation  relay  will  function  only  ifan^ 
voltage  condition  occurs.  OyeicxeitaKon,  which 
jrauses^  ^eactive-^mbalance^ue  to  excessive  reac- 
tive current  in  that  generator,  will  produce  a 
current  flow  in  the  mutual  reactors.  The  direc- 
tion 6l  flow  in  the  OE-UE  loop  through  the 
mutual  reactors  produces  a'  voltage  that  boosts 
the  voltage  sensed  from  .thfc  overexcited genera- 
tor. Consequently,  the  overexcited  generator  will 
be  switched  into  isolated  operation  by  the  over- 
excitation relay. 

20-43.  Underexcitation,  which  causes  reverse 
reactive  current  flow  in  a^  generajor,^  will  produce 
mutual  reactor  current  that  opposes  the  voltage 
sensed  trom  the  undercxcited  generator,  so  that 
the  underexcitatiop  relay  drops  out.  The  under- 
.excitation  relay  controls  the  thermal  time-delay 
switches.  Thermal  time-delay  switch  Nr.  2  places 
the  generator  in  isolated  operation  in  2  to  4 
seconds,  while  thermal  time-delay  switch  Nr.  1 
will  trip  the  GCR  in  5  to  10  seconds. 

21.  AC  Generator  System  Operation 
and  Troubleshooting 

*  21-1.  In  this  section  we  will  discuss  operation, 
power  distribution,  external  po\yer  systems,  and 
troubleshooting  of  an  ac  .generator  system/  Our 
detailed  discussion  of  the  many  ac  generator  sys- 
tem components  will  now  be  put  to  work.  Fold- 
out  2  is  a  complete  ac  generator  system  and  is 
used  for  our  discussion  of  system  operation  and 
troubleshooting. 

2l\l^  Keep  in  ^mind  that  you  must  be  able  to 
understand  complete  generator  system  operation. 


ERIC 


Why?  It's  your  job  to  maintain  and  troublcshoot 
ac  generator  control  systems.  Wc  will  start  our 
discussion  with  normal  system  operation. 

21-3.  AC  Generator  System  Operation.  The 
generator  system  we  are  going  to  .discuss  has 
three  40  kva  generators.  The  generator  provides 
a  three-phase,  U5/200-volt,  ac  output  at  an  es- 
sentially constant  frequency  of  400  Hz. 

21-4.  Description,  A  frequency  and  load  con- 
troller unit  for  each  constant  speed  drive  accom- 
plishes frequency  control, and  real  load  division 
for  parallel  operation  of  the  generators.  The  fre- 
quency and  load  controller  responds  to  frequency 
deviation  from  400  Hz  or  real  load  unbalance 
between  paralleled  generators  and  controls  the 
speed  governor  setting  of  the  generator  drive. 
The  electrical  control  of  the  speed  governor  is 
accomplished  through  a  control  motor  on  the 
drive.    Generator  voltage  control  and  reactive 
load  division  are  accomplished  by  a  static  type 
(magnetic  amplifier)  voltage  regulator  unit  for 
each  generator.  The  ac  generators  provide  their 
own  dc  power  for  field  excitation  through  a  self 
contained  dc  generator  exciter.  The  voltage  reg- 
ulators control  the  field  current  of  the  exciters 
to  vary  the  generator  field  strength  and  subse- 
quently maintain  the  generator  voltage  output  at 
.200  volts  line  to  line.  Several  current  transform- 
ers are  contained  in  a  transformer  assembly  and 
connected  to  sense  generator  line  current.  These 
transformers  provide  load  sensing,  both  real  and 


reactive,  for  the  power  meter  and  load  equaliz- 
ing controls  and  provide  for  voltage  regulator 
power  boost. 

21-5.  The  control  switches,  selectors  and  indi- 
cators for  the  main  ac  power  supply  system  are 
grouped  on  the  electrical  control  panel  (fig.  63), 
which  is  a  section  of  the  overhead  panel.  The 
generator  control  switches  control  closing  the 
generator  fields  and  associated  circuits  to  return 
a  tripped  generator  to  service,  and  provide  tne 
manual  control  to  trip  a  generator  off.  The  gen- 
erator breaker  and  bus  tie  breaker  switches  are 
the  manual  controls  for  opening  and  closing  their 
respective  power  breakers.  The  generator  break- 
ers connect  the  generators  to  the  load  buses.  The 
bus  tie  breakers  connect  the  load  buses  to^the 
synchronizing  bus  tie.   Indicator  lights  adjacent 
to  the  generator  control  and  breaker  switches 
show  the  control  condition  for  each  generator 
system.    The  generator  failure   lights  indicate 
when  a  generator  is  tripped  off;  which  might  be 
done  manually,  or  automatically  through^  a  pro- 
tective control.  The  breaker  CIRCUIT  OPEN 
indicator  lights  are  on  when  their  respective 
breakers  are  open.  The  voltmeter  and  frequency 
meter  are  connected  to  show  the  voltage  and  fre- 
quency of  the  source  selected  by  the  paralleling 
selector.    The   paralleling   selector   also  con- 
nects the  synchronizing  lights  and  automatic  par- 
alleling control  unit  into  the  circuit  of  the  genera- 
tor selected  for  paralleling.  The  power  meters. 
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one  for  each  generator,  provide  the  indication  of 
real  load  (kilowatts)  or  reactive  load  (kilovolt- 
amperes-reactive)  on  each  generator.  Real  -or 
reactive  load  indication  is  selected  by  turning  the 
power  meter  selector  to  the  KWS  or  KVARS 
position.  The  three  frequency  and  kws  division 
controls  immediately  below  the  power  meters  are 
used  for  real  load  division  control  with  the,  gen- 
erators paralleled  and  as  a  frequency  control  to 
synchrdmze  the  generators  for  paralleling. 

21-6.  The  majority  of  the  control  relays  and 
automatic  protective  controls  for  each  generator 
system  are  contained  in  the  generator  control 
panel.  In  each  generator  control  panel  are  the 
*  necessary  relays  and  sensing  units  to  provide  the 
necessary  controTiuiictions  of  the  system.  The 
control  panels  also  contain-a^ransfonner-rcctifier 
unit  and  voltage  indicating  relay>-Xhe  T-R  unit 
normally  supplies  the  28-volt  dc  powehfoi^anel 
functions  while  the  generator  is  operating.  PSv 
is  also  supplied  to  the  panel  from  the  airplane 
switched  dc  bus.  The  voltage  indicating  relay 
y  energizes  only  when  there  is  three-phase  power 
^  to  the  panel  to  prevent  residual  voltage  from  an 
unexcited  generator  from  holding  in  control  re- 
lays. 

21-7.  Operation.  (See  foldout  2.)  The  gen- 
erator control  relay  must  be  closed  to  establish 
the  exciter  field  circuit  and  the  generator  breaker 
control  circuit  before  a  generator  can  cfevelop  its 
required  output  voltage  and  be^  connected  to  its 
load  bus.  The  generator  control  switch  on  the 
electrical  control  panel  controls  closing  the  gen- 
erator control  relay.  With  power  on  the  airplane 
(battery  bus  energized)  and  the  engine  fire 
switch  to  normal,  operating  the  generator  switch 
momentarily  to  the  CLOSE  position  will  cause 
the  generator  control  relay  to  mechanically  latch 
closed.  Closing  the  switch  will  also  transfer  power 
to  the  exciter  field  through  the  flashing  resistor. 
With  the  generator  control  relay  closed,  the  relay 
contacts  complete  the  exciter  field  circuit,  con- 
nect control  power  to  the  generator  breaker 
switch  if  the  drive  is  up  to  speed,  turn  off  the 
generator  failure  light  and  arm  the  relay  trip  coil 
circuit.  The  field  flashing  resistor  circuit  is 
opened  by  the  voltage  indicator  relay  as  soon  as 
generator  output  powers  the  control  panel.  With 
the  generator  control  circuit  established  by  clos- 
ing the  cibhtrol  relay,  the  voltage  and  frequency 
of  the  generator  can  be  read  on  the  meters  by 
placing  the  paralleling  selector  tp  the  correct  gen- 
erator position.  However,  the  generator  is  not 
supplying  its  load  bus  until  the  generator  breaker 
is  closed. 

21-8.  The  generator  breaker*"  switch  on  the 
electrical  control  paneris  the  manual  control  for 
closing  and  tripping  (opening)  the  generator 


breaker.  During  normal  system  operation,  the 
generators  will  be  paralleled  by  closing  the  gen- 
erator breakers;  the  bus  tie  breakers  normally 
,,are  left  closed,  and  are  opened  only  for  isolated 
generator  operation  or  for  manual  control  of  par- 
alleling. With  power  on  the  synchronizing  bus 
tie,  the  generator  breakers  can  only  be  closed 
through  operation  of  the  automatic  paralleling 
unit. 

21-9.  The  control  transfer  between  manual 
and  auto  parallel  control  of  the  generator  breaker 
is  accomplished  by  the  auto  parallel  control  relay 
which  is  energized  by  ac  power  from  the  bus  tie. 
With  the  paralleling  selector  set  to  the  cor- 
rect generator  position,  operating  the  generator 
breaker  switch  to  the  CLOSE  position  will  con- 
nect the  generator  output  to  the  auto  parallel 
unit.  This  permits  frequency  comparison  with 
the  generator  already  on  the  synchroniang  bus, 
so  that  the  auto  parallel  unit  can  switch  power  to 
the  generator  breaker  when  the  frequencies 
matcS^ closely  enough  in  both  phase  and  rate.  If 
there  is  ncT  generator  on  the  synchroniang  bus 
at  the  time  the  generator  breaker  switch  is  op- 
erated to  CLOSE,  the  ^sv^itch  directly  controls 
closing,  the  generator  brcakef^ provided  the  ex- 
ternal power  breaker  is  open.  A  cQbt^t  of  each 
generator  breaker  switch  is  connccteolOv  auto- 
matically trip  open  ^e  external  power  breMt^ 
when  the  switch  is  operated  to  the  CLOSE  posi-X^ 
tion. 

21-10.  During  manual  paralleling  of  the  gen- 
erators, the  bus  tie  breakers  are  opened  and  gen- 
erator breakers  are  closed  to  allow  the  generators 
to  supply  individual  generator  buses  until  paral- 
leled. The  generator  to  be  paralleled  must  match 
synchronizing  bus  voltage  and  frequency  within 
5  volts  and  2  Hz  before  the  bus  tie  breaker  is 
closed.  Rotating  the  paralleling^elector  switch 
to  the  applicable  position  will  provide  voltmeter 
and  frequency  meter  readings  for  the  incoming 
generator  and  cause  the  synchronizing  lights  to 
operate.  The  lights  Will  light  up  and  darken  as 
many  times  per  second  as  there  are  cycles  per 
secoqd  difference  in  frequency  between  synchro- 
nizing Tjus  and  generator  bus  power.  The  bus  tie 
breaker  switch  is  positioned  to  CLOSED  at  the 
particular  instant  when  the  voltage  is  within  limits 
and  the  Synchronizing  lights  go  out.  During  man- 
ual paralleling  of  the  generators,  the  BUS  TIE 
BREAKER  switch  must,  nbt  be  placed  in  the 
CLOSE  position  unless  the  following  conditions 
exist:  the  paralleling  selector  switch  is  positioned 
to  the  incoming  generator  and  the  synchronizing 
lights  are  out. 

21-11.  Failure  to  observe  these  precautions 
^may  result  in  damage  to  the  generator  drive  due 
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to  loads  imposed  by  opposing  voltages.   If  fre- 
quency adjustment  is  necessary  before  the  gen-  ^ 
erator  can  be  paralleled,  you  may  use  the  fre- 
quency and      divisidn  controls  on  the  electrical 
control  panel  to  make  the  necessary  adjustments. 

21-12.  Normal  operating  procedures  at  engine 
shutdown  will  cause  the  generator  breaker  to 
automatically  disconnect  the  load  buses  from  the 
generator.  An  underspeed  switch  on  the  genera- 
tor drive  is  set  to  close  and  cause  the  generator 
breaker  to  trip  open  before  the  generator  fre- 
quency is  less  than  350  Hz.  The  underspeed 
switch  controk  energizing  the  underspeed  rday 
in  the  generator  control  panel.  (See  foldout  2.) 
When  underspeed  occurs,  the  underspeed  switch 
closes  to  energize  the  relay  which  switches  power 
to  trip  open  the  generator  breaker  and  remove 
power  from  the  breaker  control  switch. 

21-13.  The  bus  tie  breakers  and  generator 
control  relays  will  normally  remain  closed  when 
the  system  is  shut  down.  Therefore,  the  next 
time  the  engines  are  staned  and  nin,  the  genera- 
tor breakers  are  all  that  require  closing  to  supply 
ac  power  to  the  load  buses  and  to  parallel  the 
generaton.  The  underspeed  switch  also  functions 
to  prevent  the  generator  from  being  closed  before 
the  generator  drive  speed  is  adequate  to  drive  the 
generator  at  synchronous  speed.  The  underspeed 
switch  should  operate  to  drop  out  the  underspeed 
relay,  on  increasing  drive  speed,  before  the  fre- 
quency exceeds  370  Hz. 

21-14.  Generator  control  anticycling  is  pro- 
vided through  the  lockout  relay  in  the  generator 
control  panel  (foldout  2).  The  lockout  relay  cojl 
is  connected  across  the  trip  coil  of  the  generator 
control  relay  so  that  both  coils  are  energized  at 
the  same  time.  Therefore,  any  control  action, 
manual  or  automatic,  that  trips  out  the  generator 
through  the  control  relay  will  cause  the  lockout 
relay  to  pull  in  and  hold  open  the  contro]  relay 
close  coil  circuit  as  well  as  the  field  flashing  cir- 
cuit. If  the  generator  control  switch  is  being  held 
to  the  CLOSE  position  when  the  trip  signal  oc- 
curs, the  lockout  relay  will  be  held  in  by  power 
through  the  control  switch,  preventing  reclosing 
of  the  generator  control  relay  until  the  control 
switch  is  returned  to  off. 

21-15.  Distribution.  An  aircraft  distribution 
system  is  made  up  of  many  wires  and  power 
boxes  throughout  the  aircraft.  It  provides  a 
means  of  distributing  the  generator  output  to  all 
the  various  loads  in  the  aircraft.  The  switches 
^d  meters  used  to  control  4ind  monitor  the  gen- 
crji^or  and  distribution  system  are  shown  in  fig- 
ure ^63. 

21-r^.  Tl^portion  of  the  system  betwden  the 
output  wpinal^  of  the  generator  and  the  main 
bus  is  genei^lly  referred  to  as  the  generator  bus. 
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,When  the  generator  breaker  is  closed,  it  connects 
the  output  of  the  generator  to  the  main  bus.  The 
main  bus  is  the  portion  of  the  distribution  system 
to  Which  the  loads  are  connected.  Feeder  wares 
from  the  main  busses  go  out  to  various  load  boxes 
located  throughout  the  aircraft.  The  central  tie 
bus  is  the  interconnecting  wire  between  the  vari- 
ous main  busses,  and  no  loads  are  connected  to 
this  bus.  When  external' power  is  connected  to 
the  aircraft,  it  powers  the  central  tie  bus.  Thus, 
it  is  necessary  close  all  the  bus  tie  breakers 
and  connect  the  main  bus  to  the  central  tie  bus. 
All  the  loads  in  the  aircraft  may  be  powered 
from  the  central  tie  bus.  During  parallel  genera- 
tor operation,  all  the  bus  tie  breakers  and  all  the 
generator  breakers  are  closed,  and  the  total  elec- 
tric load  on  the  distribution  system  is  shared  by 
the  generators. 

21-17.  External  Power  System.  The  primary 
purpose  of  any  external  power  system  is  to  allow 
ground  maintenance  personnel  to  perform  opera- 
tional checks  on  the  electrical  and  electronic 
equipment  when  the  aircraft  generators  are  not 
powering  the  aircraft  busses.  The  external  power 
system  also  provides  a  means  of  connecting  a 
load  bank  to  the  main  ac  f>ower  system.  The 
purpose  of  connecting  a  load  bank  is  to  allow 
electrical  maintenance  personnel  to  perform  an 
operational  check  of  the  main  power  system.  The 
multiengine  external  power  system  shown  in  fig- 
ure 64  is  typical  for  many  aircraft.' 

21-18.  One  thing  you  must  keep  in  mind  (and 
this  applies  to  most  external  power  systems)  is 
that  at  no  time  should  the  aircraft  generators  and 
the  external  power  unit  generator  be  paralleled. 
Due  to  this  restriction,  the  control  system  may 
seem  to  be  very  elaborate. 

21-19.  Description.  The  external  power  con- 
trol system  consists  of  the  following  components, 
main  external  power  receptacle,  phase  sequence 
relay,  power  control  relay,  circuit  breaker  relay, 
lockout  relay,  and  the  power  disarm  relay,  as 
shown  in  fig.  64.  The  position  indicator,  EXT 
POWER  switch,  and  the  BUS  TIE  ISOLATE 
switch  are  always  located  on  the  ac  control  panel 
in  the  cogkpit  area. 

21-20.  The  main  external  power  receptacle 
provides  a  means  of  connecting  external  three- 
phase  ac  power  to  the  aircraft  power  system.  The 
receptacle  is  also  used  to  connect  a  load  bank  to 
the  central  tie  bus.  Three  pins,  A,  B,  and  C, 
connect  the  ac  power  to  the  aircraft  system.  Pin 
E  provides  the  dc  control  power  required  for 
closing  the  external  power  control  relay.  Pin  F  is 
used  for  load  bank  operation  only  and  provides  a 
ground  for  the  external  power  disarm  relay. 

21-21.  The  phase  sequence  relay  is  used  to 
prevent  external  ac  power  from  being  connected 
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to  the  aircraft  bus  when  the  phase  sequence  is 
incorrect  (other  than  A-B-C  or  1-2-3).  This  re- 
lay will  be  energized  if  the  phase  sequence  is 
correct. 

21-22.  The  external  power  control  relay  is 
powered  by  28  vdts  dc  from  the  external  power 
cart  through  pin  E  and  the  phase  sequence  relay. 

21-23.  The  external  power  circuit  breaker  re* 
lay  is  a  latch-type  relay  of  the  same  type  used 
for  the  generator  breaker  and  bus  tie  breakers. 
This  circuit  breaker  is  used  to  connect  and  dis- 
connect external  power  to  the  central  bus.  The 
external  power  breaker  uses  three  sets  of  its  five 
auxiliary  contacts;  one  is  used  to  control  the 
"close"  and  "trip"  coil  circuit  to  ground,  a  second 
set  is  used  to  control  the  external  power  interlock 
relay  to  prevent  a  generator  breaker  from  being 
closed  before  external  power  is  tripped,  and  a 
third  set  is  used  to  control  the  main  external 
power  circuit  breaker  relay  position  indicator. 

21-24.  The  main  external  power  lockout  relay 
is  energized  any  time  a  central  tie  bus  fault 
occurs.  The  relay  is  powered  from  the  aircraft 
dc  power  system.  The  lockout  relay  contacts  con- 
trol the  external  power  breaker  "close"  and 
"trip"  coil  circuits. 

21-25.  The  cmly  purpose  of  the  disarm  relay 
is  to  provide  a  means  of  connecting  an  external 
load  bank  to  the  central  tie  bus  when  the  aircraft 
generators  are  operating.  Under  normal  condi- 
tions, we  don't  want  the  external  power  breaker 
to  close  when  the  aircraft  generators  are  on  the 
bus,  but  in  this  case,  we  do.  Pin  F  of  the  extehial 
power  receptacle  provides  a  ground  return  for 
the  coil  of  the  disarm  relay  when  the  load  bank 
is  connected  to  the  receptacle. 

21-26.  A  typical  circuit  breaker  relay  position 
indicator  has  white  bars  running  vertically  and 
horizontally.  The  word  "OFF'  is  also  printed  on 
the  indicator.  When  the  bar  is  lined  up  with  the 
reference  on  the  ac  control  panel,  the  circuit 
brcakcf  is  closed;  and  when  the  bar  is  at  a  right 
angle  to  the  reference  line,  the  breaker  is  open. 
When  the  word  "OFF"  is  showing,  the  indicator 
is  not  powered. 

21-27.  Operation.  When  external  power  is 
connected  to  the  external  power  receptacle,  there 
are  1  18/205  volts  ac  applied  to  the  phase  se- 
quence relay.  If  the  phase  sequence  is  correct 
(A-B-C).  contacts  between  Al  and  A2  will 
close  (sec  fig.  64).  With  the  phase  sequence  re- 
lay closed,  28  volts  dC  from  pin  E  will  be  applied 
through  contacts  Al  and  A2  to  the  external 
power  control  relay,  closing  id^hen  the  main 
external  power  switch  is  turned  to  ON,  28  volts 
dc  from  the  external  power  control  circuit  breaker- 
is  applied  to  the  "close"  coil  of  the  externaP 
power  breaker,  the  main  external  power  switch. 


through  the  auxiliary  contacts  of  the  four  genera- 
tor breakers,  a  Set  of  contacts  of  the  external 
power  control  relay,  through  the  contacts  of  the 
dcenergized  external  power  lockout  relay,  and  to 
the  "close"  coil  of  the  external  power  breaker, 
closing  it.   When  the  external  power  -breaker 
closes,  a  set  of  its  contacts  will  energize  the  ex- 
ternal power  interlock  relay.  The  interlock  relay 
prevents  closing  a  generator  breaker  when  ex- 
ternal power  is  connected  to  the  central  bus. 
The  interlock  relay  contacts  are  in  series  with  the 
generator  breaker  "close"  coil.  Should  a  genera- 
tor be  operated  and  the  generator  switch  turned 
to  ON,  the  G  relay  in  the  generator  control  panel 
will  be  energized  and  will  close  the  contacts  be- 
tween terminals  23  and  33.  This  will  cause  a  28- 
volt  dc  signal  to  be  impressed  at  terminal  33 
through  the  external  power  disarm  relay,  to  the 
external  power  breaker  trip  coil,  disconnecting 
the  external  power  from  the  central  tie  bus. 

21-28.  When  the  main  EXT  POWER  switch 
is  turned  to  OFF,  28  volts  dc  is  applied  directly 
to  the  trip  ccmI  of  the  external  power  breaker,  dis- 
connecting external  p)Ower  from  the  central  bus, 
External  power  is  protected  by  a  differential 
protection  system.  This  system  protects  the  three- 
phase  ac  power  system  from  line-to-ground,  line- 
to-line,  and  three-phase  faults. 

21-29.  A  typical  ac  power  distribution  system 
is  so  designed  that  it  is  possible  to  operate  any 
load  from  external  power,  from  the  engine  gen- 
erators, or  from  ail  of  the  generators  paralleled 
together.  The  following  are  possible  conditions: 

a.  External  power  to  the  complete  aircraft. 
This  is  achieved  by  closing  the  external  power 
circuit  breaket  and  the  bus  tie  circuit  breaker. 

b.  External  power  to  any  load.  To  do  this, 
close  the  external  power  circuit  breaker  and  the 
bus  tie  circuit  breaker  to  the  load  bus  on  which 
you  desire  power.  > 

c.  Each  generator  supplying  its  respective 
load.  Close  the  generator  circuit  breakers,  and 
leave  the  bus  tie  circuit  open. 

d.  One  generator  supplying  power  for  the  en- 
tire aircraft.  Close  the  generator  circuit  breaker 
for  the  operating  engine,  and  close  all  of  the  bus 
tie  circuit  breakers. 

k  All  generators  ^operating  in  parallel.  Close 
all  of  the  bus  tie  circuit  breakers.  Then,  move 
the  paralleling  selector  switch  to  the  generator, 
that  you  desire  on  the  synchronizing  bus.  This 
closes  the  respective  generator  circuit  breaker. 
Follow  this  procedure  through  the  three  genera- 
tors. Then,  all  generators  arc  paralleled  auto- 
matically through  the  paralleling  unit. 

/.  Various  combinations  of  two  generators 
paralleled  and  one  running  in  isolation. 
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21-30.  Load  bank  operation.  Provisions  have 
been  made  in  this  external  power  system  to 
utilize  the  main  external  power  receptacle  for  \ 
connecting  a  load  bank  to  the  aircraft  bus. 

21-31.  When  type  Al  load  bank  is  connected  ^ 
to  the  external  power  receptacle,  the  external 
power  disarm  relay  circuit  is  energized  by  28 
volts  dc  from  the  external  power  control  circuit 
breaker.  This  connection  is  made  through  the  - 
relay  coil  (disarnl  relay)  to  pin  F  of  the  ex- 
ternal power  receptacle,  which  is  grounded  at  the 
load  bank.  This  provides  a  circuit  from  the  main 
EXT  POWER  switch  on  the  ac  control  panel, 
through  a  set  of  contacts  on.  the  now  energized 
external  power  disarm  relay,  and  on  through  the 
external  power  lockout  relay  to  the  "close"  coil  of 
the  external  power  breaker.  When  the  external 
power  disarm  relay  is  energized,  the  power  circuit 
to  the  interlock  relay  opens.  With  the  interlock 
relay  deenergized,  its  contacts,  in  series  with  the 
generator  breaker,  close  and  allow  the  generator 
breaker  to  close  and  connect  the  load  bank  to 
any  one  or  all  of  the  generators  through  these 
generator  breakers.  External  power  can  be  iso- 
lated to  the  central  tie  bus  by  pushing  the  BUS 
TIE  ISOLATE  switch.  Pushing  the  BUS  TIE 
ISOLATE  switch  trips  all  bus  tie  breakers. 

21-32.  Generator  System  Troubleshooting. 
TroublCshootidg  is  a  test  of  ingenuity  as  well  as  of 
knowledge.  For  this  reason  troubleshooting  pro- 
cedures cannot  be  considered  as  an  ironclad 
ruler,  although  they  are  written  as  such.  Experi- 
ence will  increase  your  knowledge  of  various 
electrical  systems  and  reveal  new  checks  and 
more  efficient  methods  of  troubleshooting.  As 
you  gain  experience,  you  will  be  able  to  devise 
new  methods  as  well  as  short  cuts  to  eliminate 
lengthy  checks  for  similar  trouble. 

21-33.  Although  you  have  a  firm  background 
in  electrical  fundamentals,  this  is  still  not  enough 
to  enable  you  to  do  your  job  with  ease.  In  addi- 
tion to  the  fundamental  information  you  possess, 
you  must  have  a  thorough  understanding  of 
troubleshooting  procedures.  Realistic  trouble- 
shooting is  not  a  "hit-or-miss,"  **remove-and- 
replace,"  "trial-and-error**  process;  it  is  an 
orderly  sequence  of  mental  and  physical  ac- 
tions—ending with  the  identification  and  elunina- 
tion  of  a  system  malfunction.  A  combination  of 
maintenance  skills,  intimate  knowledge  of  the  op- 
eration of  the  system,  and  the  use  of  logical 
steps  in  the  problem-solving  process  are  essential 
to  systematic  troubleshooting. 

21-34.  Steps  in  Becoming  a  Master  Electrician. 
One  outstanding  difference  between  being  just  a 
good  worker  and  being  a  master  repairman  is  the 
ability  to  troubleshoot.  When  everything  is 
functioning  normally,  the  good  worker  can  per- 
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form  the  routine  day-to-day  maintenance,  servic- 
ing, inspecting,  and  operational  checks.  The  good 
worker  can  also  make  routine  adjustments  and 
replacement  of  units,  since  they  follow  the  well- 
beaten  path  laid  down  by  technical  procedures. 
The  "master"  repairman  or  electrician,  however, 
is  the  man  who  is  really  in  demand,  because  he 
is  the  one  who  can  find  the  causes  of  troubles 
that  have  baffled  other  workers. 

21-35.  Since  you,  no  doubt,  would  like  to  be- 
come a  master  electrician  or  technician,  here's  a 
tip  that  may  be  helpful:  adopt  some  good 
method  of  troubleshooting  now,  and  use  it  con- 
stantly until  it  becomes  automatic.  The  more 
automatic  the  method  becomes,  the  more  effec- 
tive your  use  of  it  will  be. 

21-36.  Although  there  are  numerous  trouble- 
shooting procedures  that  you  might  adopt,  let 
us  consider  a  procedure  that  experienced  trouble- 
shooters  have  found  very  successful.  We  said 
earlier  that  you  must  use  logical  steps  to  identify 
and  remedy  system  malfunctions.  Let's  list  these 
steps,  then  discuss  each  of  them  in  detail. 

( 1 )  Define  the  problem. 

(2)  Investigate  the  problem. 

(3)  Evaluate  the  findings. 

(4)  Determine  the  exact  caxisc. 

(5)  Repair  or  remedy. 

21-37.  Define  the  problem.  Your  careful  in- 
spections and  operational  checks  are  the  key  to 
your  becoming  aware  of  the  trouble.  Perform 
an  operational  check  that  is  as  complete  as  is 
practical  under  the  circumstances.  Of  course,  if 
your  operational  check  is  causing  obvious  dam- 
age, it  has  gone  beyond  the  point  of  being  prac- 
tical. While  the  operational  check  is  in  progress, 
notice  all  indications  given  by  the  operated  unit 
or  system,  and  by  related  warning  lights  and 
meters.  Place  the  control  switch  in  all  operating 
positions,  if  practical,  and  set  clearly  in  mind 
the  symptoms  in  each  position.  If  you  have  done 
all  this,  you  are  ready  for  step  two — investigating 
the  problem. 

21-38.  Investigate  the  problem.  Of  course, 
you  have  a  good  idea  of  the  system  operation, 
but  in, step  two  of  the  troubleshooting  method 
you  refresh  and  supplement  this  knowledge.  Con- 
sult the  technical  manuals.  Read  about  the  af- 
fected system  in  the  applicable  publication  for  the 
ajrcraft  and  study  the  circuit  wiring  diagram. 
The  time  that  you  require  for  this  study  is  small 
Compared  with  that  required  for  hit-and-miss  re- 
placement of  units.  After  you  have  refreshed 
your  knowledge  of  the  affected  system,  you  are 
ready  foe  step  three  of  the  troubleshooting 
method — evaluating  the  findings. 


2U39.  Evaluate  the  findings.  In  the  third  step 
of  troubleshooting,  should  list  the  possibly, 
troubles.  By  writing  them  down,  you  are  less 
likely  to  forget  one  or  more,  of  them  during 
later  steps  of  troubleshooUng.  Then,  too,  listing 
the  troubles  relieves  you  of  the  necessity  of  re- 
membering each  of  them.  Since  your  mind  is 
less  cluttered  by  details,  you  can  think  more 
dearly.  In  addition,  there  is  another  advantage: 
making  such  a  list  is  an  eye-opening  device.  Many 
times  a  possibility  will  seem  logical  to  you,  but — 
as  you  write  it  down — ^the  balloon  of  logic  that 
apparently  supported  it  ma^  suddenly  burst,  and 
you  can  scratch  it  off  your  list.  So  by  all  means, 
make  a  written  list  of  the  possible  troubles. 

21-40.  While  making  this  list,  use  a  wiring 
diagram,  trace  the  circuit  through,  and  ask  your- 
self, *'What  defect  of  this  wire  or  unit  could  give 
any  one  of  the  symptoms  I  have  observed?'  If 
you  get  an  answer  other  than  NONE,  write  it 
down.  Make  a  similar  list  for  each  symptom 
you  find.  Don*t  list  double  troubles  which  hap- 
pen only  rarely,  but  make  certain  that  your  list 
contains  all  possible  single  troubles.  Compare 
the  causes  you  have  listed  to  determine  which 
are  the  most  probable,  then  list  them  in  that 
order.  When  your  list  is  completed,  you  are  ready 
for  step  four  of  the  troubleshooting  method — 
selecting  the  exact  cause  from  the  list  you  have 
made. 

21-41.  Determine  the  exact  cause.  In  the  fourth 
step  of  troubleshooting,  you  should  check  possi- 
bilities and  eliminate  those  not  actually  responsi- 
ble for  the  trouble.  To  check  some  possibilities, 
you  may  be  required  to  remove  inspection  panels 
or  other  aircraft  components.  To  check  others, 
you  may  need  to  remove  a  junction  box  cover. 
Still  other  possibilities  may  be  eliminated  by  a 
visual  check,  such  as  looking  at  a  circuit  breaker 
to  see  whether  it  is  closed.  Which  should  you 
check  first?  The  answer  is  obvious.  Check  the 
easiest  things  first.  In  other  words,  check  the  cir- 
cuit breaker  first.  That*s  a  good  check  tg  make 
at  the  beginning  of  any  troubleshooting  situation. 
By  checking  the  easiest  things  first,  you  may 
find  the  cause  of  the  trouble  before  you  perform 
other  time-consuming  checks.  If  so.  you  have 
saved  time,  worfcf  and  a  great  deal  of  wear  and 
tear  on  the  aircraft. 

21-42.  Applying  the  iame  line  of  reasoning  , to 
each  possible  trouble,  you  come  up  with  another 
useful  principle.  Use  the  easiest  method  that  is 
both  safe  and  effective  while  you  are  checking 
any  possibility.  NeVer  disassemble  a  unit  or  dis- 
connect a  lead  unless  absolutely  necessary.  If 
there  is  an  easier  way  to  check  a  possible  prob- 
lem,  use  it.  Your  imagination  and  knowledge  of 
the  system  can  pay  big  dividends.  However, 


don*t  allow  your  imagination  to  run  wild.  Before 
you  attempt  the  easiest  way,  make  certain  that 
it  IS  safe  and  that  it  will  actually  check  the 
possibility.  These  two  principles  are  contained 
in  a  simple  general  rule:  **Check  the  easiest  thing 
first  by  using  the  easiest  method  that  is  both 
safe  and  effective.** 

21-43.  If  you  apply  this  rule,  you  can  quickly 
and  easily  eliminate  possibilities  until  you  dis- 
cover the  cause  of  the  trouble.  But  even  then, 
do  you  know  that  you  are  right?  Not  neces- 
sarily! You  probably  are,  but  you  should  prove 
your  conclusion. 

21-44.  Repair  or  remedy.  Before  you  make 
a  costly  replacement,  prove  that  your  conclusion 
is  right.  For  example,  let*s  say  that  you  have 
eliminated  every  possible  cause  of  trouble  from 
your  list  except  **shorted-out  field  windings  of 
such-and-such  a  motor.'*  In  this  event,  you  prob- 
ably have  decided  that  shorted-out  field  windings 
arc  the  actual  cause  of  the  trouble.  But  you 
could  have  left  some  possible  causes  of  trouble 
off  your  list.  So,  before  you  remove  the  motor 
for  a  bench  check,  disconnect  the  connector  plug 
and  use  an  appropriate  meter  to  test  for  such  a 
short.  If  you  prove  yourself  wrong,  you  haven't 
wasted  |tiine,  work,  or  money  on  a  needless  re- 
placement. If  you  prove  your  conclusion  to  be 
right,  you  need  to  replace  the  shorted-out  motor. 

21-45.  Without  troubles,  there  would  be  prac- 
tically nothing  for  you  to  do  as  an  electrician 
except  to  perform  routine  inspections  and  similar 
work.  Identifying  and  locating  troubles  is  the 
exciting  and  thought-provoking  part  of  your 
work.  In  certain  circuits  a  trouble  often  repeats 
itself  in  the  same  precise  location  or  in  the  same 
piece  of  equipment.  You  ordinarily  become  so 
familiar  with -this  type  of  trouble  that  you  can 
easily  identify  and  locate  it  every  time  it  happens. 
On  the  other  hand,  some  equipment  freGkuently 
remains  trouble-free  over  a  period  ojf  time. 
Nevertheless,  when  troubles  do  develoofin  such 
equipment,  you  must  be  able  to  find  them.  Typi- 
cal of  many  aircraft  circuits^  are  those  that  have 
circuits  acting  independently  within  themselves. 
All  of  these  individual  circuits  must  operate  prop- 
erly or  the  parent  circuit  will  malfunction  in  one 
way  or  another.  For  example,  a  parent  circuit 
might  control  a  sequence  of  operations  performed 
by  a  mechanism,  and  if  one  of  the  independent 
circuits  should  malfunction,  a  corresponding  op- 
eration in  the  sequence  would  be  affected. 

21-46.  ^Ve  have  now  covered  the  steps  which 
should  be  followed  in  determining  system  mal- 
functions. Next,  by  discussing  how  you  can  ap- 
ply these  steps  to  some  specific  problem,  we 
will  show  you  how  they  can  help  you. 


2M7.  Typical  Problem.  For  this  problem,  as- 
sume that  you  arc  told  that  the  generator  breaker 
for  this  system  fails  to  open  automatically  when 
the  generator  is  shut  do>^j»iraW!ien  you  operate 
the  generator  to  perform  the  operational  check, 
you  discover  that  the  generator  breaker  can  be 
tripped  manually  by  means  erf  the  GENERA- 
TOR BREAKER  switch,  but  that  the  generator 
breaker  does  not  trip  automatically  when  the 
generator  is  shut  down.  The  trouble  may  now  be 
defined  as  follows:  "The  generator  breaker  may 
be  tripped  manually  but  not  automatically."  This 
definition  also  helps  you  to  list  the  possible  causes 
of  troubles.  Since  the  breaker  may  be  tripped 
manually,  you  know  that  most  of  the  circuit  to 
the  trip  coil  of  the  generator  breaker  must  be 
intact:  Here,  then,  is  a  list  of  all  the  remaining 
possibilities: 

•  No  power  to  the  control  panel. 

No  power  output  from  the  control  panel. 

•  Defective  control  panel. 

•  Defective,  underspeed  switch'. 

21-48.  By  examining  foldout  2,  you  note  that 
dc  power  is  applied  to  the  control  panel  through 
pins  20  and  22.  Checking  for  dc  at  these  points, 
you  find  that  it  is  available.  The  next  check  is 
to  find  out  whether  or  not  power  is  available  at 
pin  19  of  the  control  panel,  which  is  the  output 
circuit  to  the  trip  coil  of  the  generator  breaker. 
Let*s  assume  that  you  checked  a/this  point  and 
found  zero  volts.  This  tells  you^hat  you  have  a 
defective  generator  control  panel.  You  could 
check  \o  verify  that  the  circuit  breaker,'  shown  in- 

'  side  the  control  panel,  was  set,  since  the  dc  power 
supply  to  the  control  panel  flows  through  this  cir- 
cuit breaker.  Anothei^-^ick  check  you  might 
make  is  to  replace  the  suspected  control  panel 
with  one  that  is  known  to  be  good,  then  perform 
another  operational  check.  If  the  trouble  no 
longer  exists,  you  would  know  that  the  control 
panel  is  defective.  Of  course,  you  have  no  way 
of  knowing  exactly  what  is  wrong  with  the  defec- 
tive control  panel  until  you  test  it  with  the  appro- 
priate test  equipment. 

21-49.  This  concludes  the  discussion  of  the 
step-by-step  procedures  you  would  normally 
maJce  when  troubleshooting  specific  problems. 
Now  we  will  turn  our  attention  to  analyzing  some 
of  the  more  common  troubles  you  will  encounter 
in  ac  systems. 

21-50.  Trouble  Analysis*  As  you  gain  experi- 
ence, you  will  find  that  in  most  cases  certain 
troubles  are  caused  only  by  certain  components 
in  the  electrical  system  and  that  you  will  be 
wasting  your  time  if  you  check  items  that  have 

.  nothing  to  do  with  the  trouble. 


21-51.  Frequency  problems.  ^  In  almost  all 
cases,  frequency  problems  consist  of  either  con- 
stant frequencies  which  are  higher  or  lower  than 
normal  system  frequency.  Since  only  cenain 
units  are  used  to  control  the  generator  frequency, 
troubles  of  this  nature  usually  present  no  great 
difficulty. /For  example,  one  of  the  most  common 
causes  of  troubles  are  higher,  or  lower  than  nor- 
mal frequency  which  may  be  caused  by  a  defec- 
tive Ifrequency-and-load  control  unit  or  by  the 
drive  governor  systpm.  To  determine  which  unit 
is  malfunctioning,  disconnect  the  circuit  from  the 
frequency-and-load  control  ,unit  and  operate  the 
engine  at  idle  rpm.  If  the  generator  frequency  is 
the  same  as  that  established  by  the  drive  gov- 
ernor (up  to  50  percent  load),  the  governor  is 
functioning  normally,  and  the  frequency-and- 
load  control  unit  is  defective.  An  open  circuit  in 
the  magnetically  trimmed  governor  circuit  will 
also  cause  the  generator  frequency  to  drop  to 
basic  speed.  You  can  also  6heck  a  drive  governor 
system  by  rotating  the  "frequency  and  kws  divi- 
sion" cqptrol  on  the  control  unit.  If  the  frequency 
cannot  be  varied  and  the  circuitry  to  the  governor 
is  correct,  the  governor  is  defective.  Before  you 
repl^  a  drive  unit,  however,  it  is  best  to  lest 
the  frequency-and-load  control  unit  on  the  T-35 
oViT-lTO  tester. 

21-52.  You  may  also  encounter  a  frequency 
problem  in  which  the  frequency  of  an  isolated 
generator  decreases  "when  a  load  is  added.  As 
you  have  learned,  the  load-sensing  circuits  are 
shorted  out  by  the  bus  tie  breakers  antf  generator 
breakers  when  they  are  in 'the  OPEN  position. 
Th}^  prevents  an  inoperative  or  isolated  generator 
from  affecting  the  remaining  system.  If  you  en- 
counter this  type  of  problem,  then,  ypu  cap 
suspect  that  a  trouble  exists  somewhere  in  the 
circuits  that  shorts  out  the  load-sensing  network. 

21-53.  A  generator  frequency  that  is  either 
high  or  low,  and  is  uncontrollable,  is  the  result 
of  a  malfunction  in  the  frequency  discriminator 
circuit  in  the  frequency-and-load  control  unit. 
What  about  the  frequency  problems  in  pneu- 
matic-drive generator  systems?  In  addition  to  the 
troubles  in  the  frequency-and-load  circuits,  simi- 
lar to  those  we  have  just  discussed,  there  are 
several  troubles  that  ar^jpcculiar  only  to  these 
drives.  Since  the  pneumatic  drives  operate  on  air 
pressure,  low  frequency  output  may  be  caused  by 
insufficient  air  pressure.  Another  cause  of  abnor- 
mal frequency  output  may  be  the  improper  ad- 
justment of  the  valve  linkage.  You  may  find 
it  necessary  to  ask  for  assistance  from  other  work 
centers  to  check  for  the  cause  of  this  particular 
problem. 

21-54.  Voltage  problenis.  Another  common 
trouble  you  will  no  doubt  encounter  is  one  in 


which  the  generator  or  bus  voltage  is  higher  or 
lower  than  normal.  Voltage  troubles  are  usually 
caused  by  the  voltage  regulator,  the  generator, 
or— in  some  cases— the  generator  drive.  Low 
Output  from  ifie  generator  may  be  c^?cd  by  a 
generator  driv^  that  remains  in  thc\underdrive 
condition  or  by  excessively  worn  brushes.  Some 
of  the  other  possible  causes  of  low  output  voltage 
are  high  resistance  in  either  the  exciter  input  or 
output  circuit  to  the  generator.  An  open  in  the 
exciter  output  circuit  of  a  brushless  generator 
can  cause  low  generator  output  voltage,  A  defec- 
tive voltage  adjusting  potentiometer  can  also^ 
cause  low  voltage  output.  You  may  detect  this 
by  rotating  <hc  potentiometer  while  observing  the 
exciter  voltage.  If  there  is  no  variation,  the  volt- 
age regulator  should  be  replaced. 

21-55.  If  the  bus  voltage  is  low  when  two  or 
more  generators  are  operating  in  parallel,  it  is 
an  indication  of  an  open  reactive  load  equalizing 
loop  circuit.  When  this  condition  exists,  all  of 
the  bus  tie  breakers  in  the  system  will  trip  open 
when  a  medium  or  heavy  load  is  applied  to  the 
bus.  The  loss  of  the  first-stage  amplifier  in  a 
mag-amp  voltage  regulator  causes  low  output 
voltage  from  the  generator.  If  the  reference  cir- 
cuit of  a  mag-amp  voltage  regulator  is  lost,  the 
output  voltage  of  the  generator  will  not  only  be 
below  normal  but  will  cycle  between  100  and 
200  volts. 

21-56.  High  voltage  output  is  most  generally 
caused  by  a  defective  or  maladjusted  voltage^ 
regulator.  For  example,  loss  of  either  the  sensing 
or  bias  circuit  of  a  mag-amp  voltage  regulator 
will  cause  the  generator  output  voltage  to  become 
excessive.  Another  cause  for  excessive  genera- 
tor output  is  higher-than-normal  *Mput  from  the 
exciter-generator.  You  can  usuall5*detect  this  by 
measuring^  the  exciter  output  while  rotating  the 
voltage  adjusting  potentiometer  on  the  voltage 
regulator. 

.  21-57.  The  loss  of  one  phase  of  the  input  to  a 
carbon-pile  voltage  regulator  will  cause  an  ex- 
cessively high  generator  output.  In  some  cases, 
you  may  find  that  the  generator  itself  is  the 
cause  of  voltage  problems.  If  there  is  no  voltage 
output  from  the  generator,  you  may  find  oil. 
dirt,  or  grease  on  the  commutator  on  the  exciter 
generator.  This  causes  a  high  resistance  on  the 
commutator,  and  the  generator  output  will  be 
zero,  or  residual.  Remember,  there  should  be  a 
dull  copper-colored  film  on  the  commutator.  If 
the  film  is  removed,  the  brushes  will  wear  down 
very  rapidly  and  cause  low  output  voltage.  This 
is  an  important  point  fpr.you  to  remember  when 


it  is  necessary  to  operate  a  generator  on  a  test 
stand  for  long  periods  of  time.  You  must  keep 
the  generator  excited,  and  under  load  to  pre- 
vent destroying  the  film.  " 

21-58.  Load-division  problems.  Load-division 
problems  are  probably  the  most  difficult  and 
thought-provoking  problems  that  you  will  en- 
counter. These  are  the  types  of  problems  that 
really  test  your  knowledge  of  electrical  systems 
and  your  ingenuity  in  troubleshooting. 

'21-59,  You  can  discover  load-division  prob- 
lems in  many  ways.  A  generator  in  parallel  op- 
eration may  not  carry  its  share  of  the  kw  or  kvar 
load,  or  it  may  try -to  "hog"  the  load  and  cari^ 
more  than  its  share.  In  some  cases,  you  may 
notice  a  marked  tendency  for  generators  operat- 
ing in  parallel  to  swap  the  load  back  and  forth 
between  them.  In  cases  of  extreme  load  under- 
balance,  one  or  more  bus  tie  breakers  may  trip 
open.  For  example,  an  overexcited  generator 
in  parallel  will  tend  to  carry  more  than  its  share 
of  the  reactive  load,  and  the  overexcitation  pro- 
tective device  will  automatically  open  the  bus  tie 
breaker  for  that  generator, 

21-60.  Suppose  you  have  discovered  a  Idad- 
division  problem.  After  testing  the  frequency- 
and-load  control  units  or  the  voltage  regulators, 
yoti  find  that  they  are  functioning  normally.  Ob- 
viously, the  trouble  must  be  somewhere  in  the 
sensing  circuits  for  these  components.  You  recall 
from  previous  discussions  that  the  load-division 
circuits  receive  their  input  signals  from  current 
'  transformers.  The  current  transformers  are  the 
source  of  many  malfunctions  in  the  load-division 
circuits.  Their  characteristics  are  very  easily 
changed.  This  is  caused  either  by  installing  them 
incorrectly,  or  by  failing  to  short  them  out  when 
.  they  are  being  operated.  If  maintenance  has  re- 
cently been  performed  on  the  affected  system, 
it  is  worthwhile  to  check  the  current  transformers 
of  the  system  for  proper  connection.  Another 
check  you  should  make  is  to  find  out  whether 
the  transformer  has  been  left  disconnected  wHen 
the  system  was  operated.  If  a  current  trans- 
former is  not-  shorted  out  when  it  is  disconnected 
from  an  operating  system.  extremely^Jiigh  current 
will  fiow  through  the  transformer  and  change  its 
characteristics. 

21-61.^  To  determine  whether  a  particular  cur- 
rent transformer  is  causing  a  load-division  prob- 
lem, it  may  be  necessary  to  isolate  the  suspected 
generator  from  the  system.  If  the  remaining  gen- 
erators operate  normally,  this  indicates  that  the 
isolated  system  was  causing  the  problem. 
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CHAPTIR  6 


Motors  and  Inverters 


Up  TO  THIS  point  we  have  discussed  means 
of  generating  electrical  energy.  Now  it  is 
time  to  use  this  energy.  Electrical  energy  can 
'be  transformed  into  mechanical  energy.  We  are 
able  to  raise  and  loWer  the  landing  gear,  flaps, 
and  even  the  pilot's  seat  with  mechanical  energy. 

2.  A  motor,  either  ac  or  dc,  is'  a  rotating 
machine  which  transforms  electrical  energy  into 
mechanical  energy.  A  motor,  like  a  generator, 
consists  of  two  principal  parts — a  field  assembly 
and  an  armature  assembly.  The  armature  -is-  the 
rotating  part  in  which  current-carrying  conductors 
are  embedded.*  These  conductors  are  acted  upon 
by  magnetic  fields,  which  cause  them  to  move 
and  make  the  armature  rotate.  The  magnetic 
fields  are  the  fields  surrounding  either  permanent 
magnets  or  electromagnets;  however,  electromag- 
nets are  used  almost  exclusively. 

3.  Sometime  the  electrical  energy  may  hot  be 
tn  the  form  needed  for  a^particular  use.  That  is, 
the  current  may  be  dc  when  ac  is  needed.  You 
know  that  most  aircraft  have  ac  generators  in- 
stalled '^today,  but  you  have  not  seen  the  last  of 
dc  powered  aircraft.'  The  method  of  changing  dc 
to  ac  is  to  invert  the  dc;  therefore  the  unit  is 
called  an  inverter.  Inverters  come  in  two  forms 
rotjoy  or  static — both  forms  will  be  covered  in  the 
text.  An  inverter  is  two  items  in  one.v  A  dc 
motor  drives  an  ac  generator.  Voltage  and  fre- 
quency controls  are » through,  many  methods  of 
which  the  most  common  vvill  be  discussed.  We 
will  start  our  discussion  with  dc  motors. 

22*  DC  Motors: 

22-1.  Prior  to  our  discussion  of  dc  motors  we 
should  have  a  brief  review  of  the  laws  of  mag- 
netise, which  were  covered  in  Volume  I7  Chapter 
5.  Afc  that  time  we  learned  that  lines  of  force 
mever  cross  ehch^other  but  exist  in*compltte,  un- 
broken paths.  Also,  there  is  a  magnetic  field 
surroundings  any  current-carrying  conductor. 
Whgi'^4his  cotrductor  is  wound  in  the  form  of 
a  coir  a  north  and  south  pole  can  be  established. 
And,  fhially,  let  us  again  sta^e  that  like  poles 


repel  and  unlike  poles  attract.  With  these  funda- 
mentals in  mind,  we  will  begin  our  discussion 
on  motor  principles. 

22-2.  Motor  Principles.  As  we  said  before,  it 
is  possible  to  apply  a  voltage  to  the  output 
terminals  of  a  generator,  and  the  generator  ,will 
fun  like  a  motor. 

.  22-3.  Motor  action.  As  stated  previously  a 
motor  operates  by  a  force  that  is  J|^cd  on  a 
current-carrying  conductor  placed  flPa  m^agnetic 
field.  The  tendency  of  this  force  to  cause  rota- 
tion is  chilled  torque.  Figure  65,  part  A,  shows 
the  forces  acting  on  a  single-turn  coil  conductor 
in^  magnetic  field.  Current  ,flo\ving  out  of  the 
left-hand  conductor  and  into  the  right-hand  con- 
ductor establishes  magnetic  fields  around  the  con- 
ductors as^hown.  This  causes  a  distortion  of  the 
magnetic  flux.  The  lines  of  force  from  the  pole 
pieces  are  strengthened  below  the  right-hand  and 
abov^  the  left-hand  conductors.  Likewise,  those 
above  the  right-hand  and  below  the  left-hand  cop- 
ductors  are'  weakened.  As  the  result  of  the  fe- 
action  between  the  magnetic  fields,  the  right-hand 
conductor  tends  to  move  upward,  while  the  left- 
hand  conductor  tends  to  move  down.  This  rota- 
tion continues  until  the  conductors  reach  the  po- 
sition indicated  in  figure  65.  part  B.  In  this 
position,  the  forces  tend  to  spread  the  conductors 
apart  and  there  is  fio  further  torque  tending  to 
rotate  the  coil. 

22-4.  The  problem  in  the  single-coil  dc  motor 
is  to  cause  the  armature  to  rotate  past  the  posi- 
tion where  the  conductors  are  supposed  to  move 
parallel  to  the  magnetic  flux  of  the  pole  pieces 
(fig.  65.B).  We  depend  on  njomentum  or  inertia 
to  move  the  coil  past  this  position.  Then,  to  keep 
the  coil  moving  in  the  same  direction,  we  use  a 
commytator  which  reverses  the  direction  of  elec- 
tron flow  each  time  the  conductor  reaches  the 
no-torque  position.  In  the  dc  generator,  the  com- 
mutator changes  ac  invthe  conductors  to  dc  in 
the  output.  The  process  is  reversed  in  the  motor; 
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Figure  65.   DC  motor  principles. 

22-5:  A  single-coil  motor,  even  with  a  com- 
mutator, is  impractical  because  ofo  the  pulsating 
torque.  A  large  number  *of  properly  spaced  coils 
on  the  armature  will  provide  a  torque  that  is  both 
steady  arid  strong,  regarSlesj  of  armature  posi- 
tion. The  construction  of  a  niotor  armature  is 
the  same  as  that  of  a  generator  armature.  Ad- 
ditional pairs  of  poles,  as  in  a  generator,  are 
als^o  used.  The  rotational  force  (torque)  that 
turns  the  motor  armature  depends  on  two  facr^ 
tors — armature  current  and  the  strength  of  the'^- 
magnetic  field.  Increasing  either  increases  torque. 

22-6.  Counter-electromotive  force  (cemf). 
When  the  armature  in  a  motor  rotates  in  a  mag- 
netic field,  a  voltage  is  induced  in  its  windings. 
This  voltage  is  called  th6  back-  or  counter-elec- 
tromotive force /cemf)  and  is  opposite  in  direc- 
tion to  the  voltage  applied  to  the  motor  from  the 
external  source.  Cfcmf  opposes  the  voltage  that 
creates  the  current  which  rotates  the  armature. 
Figure '66  depicts  the  voltages  present  in  an  op- 
erating motor.  By  application  of  the  left-hand 
-generator  rule,  you  can  see  that  the  cemf  opposes 
jhe  applied  voltage.  Since  ^ere  must  be  motion 
to'  generate  a  voltage  in^  tne  armature'  winding, 
<cmf  is  not  present  until  the  armature  assembly 
starts  turning.  The  current  flowing  through  the 
armature  decreases  as  the  cemf  increases.  The 
faster  the  armature  rotates,  the  greater  the  remf. 

22-7.  For  this  reason,  a  motor  will  draw  a 
fairly  high  current  when  starting,  but  as  the  arma- 
ture spe^  increases,  the  cemf  generated  increases 
and  the  current  flowing  through  the  arpiature  de- 
creases. At  rated  speed,  the  c^f  may  be  only  a 
few  volts  lessMhan  the  applied  voltage.  With  this 


explanation,  you  can  spe  why  the  current  draw 
of  a  motor  cannot  be  determined  by  the  ohmic 
resistance  of  the  armature.  You  may  find  a  28- 
volt  motor  with  an  armature  resistance  of  0.1  ohm 
operating  on  40  amperes.  According  to  Ohm's 
law,  this  motor  should  draw  280  amperes.  How- 
ever, with  the  motor  in  operation,  there  is  a  24- 
cemf  developed  in  the  armature.  With  28 
volts  applied  and  a  24-volt  cemf,  the  effective 
voltage  in  the  armature  is  only  4  volts.  Then, 
according  to  Ohm^s  law,  the  cun'ent  flow  is  only 
40  amperes.  / 

22-8.  As  a  load  is  added  to  a  motor,  the 
armature  speed  decreases.  When  this  happens, 
the  cemf  decreases,  causing  an  increase  in  the 
armature  current  which  will  increase  the  output'^ 
torque. 

22-9.  Types  of  Motors,^  There  arc  three  basic 
types  of  dc  motors — series' motors,  shunt  motore, 
and  cotnpound  motors.  -  They  differ  in  the  way 
their  field  and  armature  coils  are  connected.  - 

22-10.  Series  mot(fr  In,  the  series  motor,  the 
field  windings,  consisting  of  a  relatively  few  turns 
of  heavy  wire,  are  connected  in  series  with  the 
^  armature  winding,  as  shown  in  part  A  o^  figure 
67.  The  same  current  that  flows  through  the  field 
winding  also  flows  through  the  armature  winding. 
Any  increase  in  currentTthcrefore,  strengthens*the 
magnetism  of  the  field. 

22-11.  Because  of  the  low  resistance  in  the 
windings,  the  series  motor  is  able  to  draw  a  large 
current  when  starting.  This  starting  current,  in 
passing  through  both  the  field  and  armature  wind- 
ings, produces  a  high  starting  torque,  which  gives 
the  series  motor  its  principal  advantage — high 
starting  torque.  This  makes  the  series  motor  ideal 
for  starter  or  actuator  functions. 

22-12.  The  speed  of  a  series  motor  depends 
on  the  load.  Any  change  in  load  is  accompanied 
by  a  substantial  change  in  speed.  A  series  motor 
will  run  at  high  speed  when  it  has  a  light  load 
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Figure  66.    Voltages  in  a  motor  armature. 
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Figure  67.   Types  of  dc  motors. 

and  at  low  speed  with  a  heavy  load.  If  the  load 
is  removed  entirely,  the '  motor  may  operate  at 
such  a  high  speed  that  the  armature  will  fly 
apart.  For  this  reason,  a  series  motor  is  normally 
bench  tested  under  no-load  conditions,  at  half 
the  rated  voltage. 

22-13.  Shuftt  motor.  In:  the  shunt  motor,  the 
field  windi«}g  is  connected  in  parallel,  or  in  shunt, 
with  the  armature  winding,  as  shown  in  part  of 
figure  67.  The  resistance  in  the  field  winding 
is  high.  Since  the  field  winding  is  connected  di- 
rectly across  the  power  supply,  the  cunent 
through  the  field  is  constant  The  field  cunent 
does  not  vary  with  motor  speed  as  it  does  in 
'the  scries  motor,  and  therefore  the  torque  of  the 
shunt  motor  will  vary  only  with  the  current 
thrdugh  the  armature.  The  torque  developed  at 
starting  is  less  than  that  developed  by  a  series 
motor  of  equal  size. 

22-14.  The  speed  of  the  shunt  motor  varies 
very  little  with  changes  in  load.  When  all  load 
is  removed,  it  assumes  a  speed  slightly  higher 
than  the  loaded  speed.  This  motor  is  particularly 
suitable  for  use  when  constant  speed  is  desy'ed 
and  when  high  starting  torque  is  not  needed. 
This  motor  may  be  damaged  ii  the  rpm  operating 
rate  is  too  low. 

22-15.  Compound  motor.  Like  .the  compound 
generator,  the  compound  motor  has  both  series 
and  shunt  field  windings,  as  shown  in  part  C  of 
figure  67.  The  series  winding  taay  either  aid  the 
shunt  winding  (cummulative  compound)  or  op- 
pose the  shunt  winding  (differential  compound). 
The  differential  compound  motor  is  not  used  by 
the  Air  Force. 

22-16.  The  characteristics  of  the  cumulative- 
compound  motor  lie  somewhere  between  those  Of 
the  series  and  those  ot  the  shun^  motor.  As  the 
load  is  increased,  the  increase  in  current  increases 
the  flux  due  to  the  series  winding.  This  increases 
the  torque  faster  than  the  increase  for  a  straight 
shunt  motor.  But  this  increase  in  flux  decreases 
the  speed  more  rapidly  than  the  speed  decrease 
in  a  shunt  motor.  The  applied  and  developed 
torques  are  balanced  with  less  speed  decrease 
than ''in  a  series  motor,  but  more  than  in  a  shunt 
motor,  as  shown  in  figure  68. 


22-17.  Because  of  the  series  field,  the  cumu- 
lative-compound motor  has  a  higher  starting 
torque  than  a  shunt  motor.  Cumulative-com- 
pound motors  are  used  in  driving  machines  that 
are  subject  to  sudden  changes  in  load.  They  are 
also  used  where  a  high  starting  torque  is  desired 
but  a  series  motor  cannot  be  used. 

22-18.  Duty  Ratings,^  Electric  motors  are  re- 
quired to  operate  undcrS^arious  conditions.  Some 
motors  are  used  for  intermittent  operation;  others 
operate  continuously.  Motors  built  for  intermit-^ 
tent  duty  can  be  operated  for  short  periods  only, 
and  then  must  be  allowed  to  cool  before  being 
used  again.  If  such  a  motor  is  operated  for  long 
periods  under  full  load,  the  motor  becomes  over- 
heated. Motors  built  for  continuous  duty  may  be 
operated  at  rated  power  for  long  periods  of  time. 

22-19.  Continuous.  Motors  designed  for  con- 
tinuous operation  are  used  on  such  units  as  in- 
verters, pumps,  and  other  units  which  are  re- 
quired to  operate  over  long  periods  of  time. 

22-20.  Intermittent.  Motors  designed  for  in- 
termittent operation  are  used  in  such  systems  as 
wing  flaps,  special  hydraulic  pumps,  landing  gear, 
and  other  units  which  do  not  require  continuous 
operation. 

22-21.  Motor  Speed  Control.  The  speed  of  a 
series  motor  may  be  controlled  by  a  rheostat  con- 
nected in  any  one  of  the  three  ways  shown  in  fig- 
ure 69.  When  the  rheostat  is  in  parallel  with  the 
armature  (A),  increasing  the  rheostat  resistance 
increases  armature  current  and  thereby  increases 
the  speed  of  the  motor.  When  the  rheostat  is 
in  series  with  the  motor  (B),  increasing  rheostat 
resistance  decreases  current  flow  in  the  entire 
circuit  and  thus  reduces  motor  speed.  When  the 
rheostat  is  connected  in  parallel  with  the  field 
(C),  increasing/ rheostat  resistance  decreases 
armature  currfl^  and  reduces  the^speed  of  the 
motor. 
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Figure  68.   Load  characteristics  of  dc  motors. 
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Figure  69. 

22-22.  If  the  motor  is  intended  to  operate  at 
near  its  normal  rated  speed,  connection  B  is  used. 
If  it  is  intended  to  operate  at  lower  than  normal 
speed,  connection  A  is  used.  Connection  C  is 
preferred  for  operation  'above  normal  speed. 

22-23.  In  the  shum  motor,  speed  can  be  con- 
trolled by  a  rheostat  in  series  with  the  field  wind- 
ings, as  shown  in  figure  70,  part  A.  The  speed 
depends  on  the  amount  of  current  which  flows 
through  the  rheostat  to  the  field  windings.  To 
increase  the  motor  speed,  the  resistance  in  the 
rheostat  must  be  increased.  This  decreases  the 
field  current.  As,  a  result,  there  is  a  decrease 
in  the  field  strength  of  the  field  windings  and 
in  the  cemf.  This  allows  the  armature  current  to 
increase  and  the  torque  to  also  increase  slightly. 
These  increases  require  no  overload  condition^  on 
the  motor.  The  mo'tor  than  automatically  speeds 
up  until  the  cemf  increases  and  there  is  a  new 
balanced  condition  establUhed  between  load  and 
armature  current.  When  mis  occurs,  the  motor 
will  be  operating  at  a  higher  fixed  speed  than 
before. 

22-24.  To  decrease  the  motor  speed,  the  re- 
sistance of  the  rheostat  must  be  decreased.  More 
current  then  flows  through  the  field  windings  and' 
thus  the  strength  of*  the  field  is  increased.  The 
cemf  then  increases  and  decreases  the  arriiature 
current.  As  a  result,  the  ^  torque  decreases  and 
the^otor' slows  down  until  a  new  balanced  con- 
dition is  established  between  load  and  armature 
current.  The  motor  is  then  operating  at  a  lower 
fixed  speed  than  before.  This  method  of  varying 
field  strength  is  the  most  efficient  method  of  con- 
trolling shunt-wound  motor  speed. 

22-25.  The  speed  of  a  shunt  motor  can  also 
be  controlled  by  a  rheostat  in « series  with  the 
armature,  as  shown  in  part  B  of  figure  70.  In 
this  case,  field  strength  remains  constant  and 
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armature  current  is  varied.  Speed  is  increased 
by  decreasing  rheostat  resistance  and  is  decreased 
by  increasingrheostat  resistance.  When  the  speed 
of  a  shunt  motor  is  adjusted  by  armature  control, 
the  speed  regulation  becomes  very  poor  at  the 
lower  speeds.  Also,  there  is  a  power  loss  across 
the  rheostat.  For  these  reasons,  field  control  is 
more  generally  used.  Armature  control  is  used 
only  where  an  occasional  decrease  in  speed  is 
required  or  where  the  load  decreases  with  the 
speed. as  in  blowers  or  fans.  . 

22-26.  Reversing  Direction.  The  direction  of 
rotation  of  a  motor  may  be  reversed  by  reversing 
the  direction  of  ctkrrent  flow  in  either  the  arma- 
ture or  the  field  windings,  but  not  in  both  at  the 
same  time.  This  will  reverse  the  magnetism,  of 
either  the  armature  or  the  magnetic  field  in  which 
the  armature  rotates.  If  the  wires  which  connect 
the  motor  to  an  Atemal  source  are  reversed,  the 
direction  of  rotation  will  not  be  reversed,  since 
changing  these  wires  reverses  the  magnetism  of 
both  field  and  armature  and  leaves  the  torque 
in  the  same  direction  as  before.  ^ 
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Figure  70.   Controlling  speed  of  series  motors. 
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Figure  7 1 .   Controlling  motor  direction. 

22-27.  Split-field  method.  One  method  for  re- 
versing direction  of  rotation  is  the  use  of  two 
field  windings  wound  in  opposite  directions  on 
the  same  pole.  This  type  of  motor  is  called  a 
split-field  motor.  Figure  71, A,  shows  a  scries 
motor  with  a  split-field  winding.  The  single-pole 
double-throw  switch  makes  it  possible  to  send 
current  through  cither  of  the  two  wnidings. 

22-28.  When  you  place  the  switch  in  the  Nr.  1 
position,  cunent  flows  through  the  left  field  wind- 
ing, creating  ,a  north  pole  at  the  right  end  of 
the  wounding  and  a  south  pole  at  the  left  end. 
When  you  place  the  switch  in  the  Nr.  2  position, 
current  flows  through  the  right  field  winding,  the 
magnetism  of. the  field  is  reversed,  and  the  arma- 
fure  rotates  in  the  opposite  direction. 

22-29.  Some  spHt^ield  motors  are  built  with 
two  separate  field  windings  wound  on  alternate 
poles.'  The  armature  in  such  a  motor,  a  four- 
pole  reversible  motor,  rotates  in  one  direction 
wh^  current  flows  through  the  windings  of  one 
set  of  opposite  pole  pieces,  and  in  the  opposite 
direction  when  current  flows  through  the  other 
set  of  windings. 

22-30.  Switch  method.  Another  way  to  re- 
verse direction  is  to  use  a  double-pole  double- 
throw  switch  that  can  change  the  direction  of 
current  flow  in  either  the  armature  or  the  field, 
as  shown  in  the  illustration  of  the  series  motor  in 
'  figure  71.B.  Current  direction  can  be  reversed 
through  the  field,  but  not  through  the  armature. 
When  the  switch  is  thrown  to  the  Nr.  1  position, 
current  flows  through  the  field  winding  to  es- 
tablishl.a  north  polS^at  the  right  side  of  the 
motor  and  a  south  pole  at  the  left  side  of  the 
motor.  When  the  switch  is  thrown  to  the  Nr.  2 
position,  this  polarity  is  reversed  and  the  armature 
rotates  in  the  opposite  direction. 


23.  AC  Motors 

23-1.  Ac  motors  have  a  number  of  advant- 
ages over  dc  motors.  The  three  main  advantages 
are  less  arcing  at  high  altitudes,  smaller  size, 
and  lighter  weight  for  the  same  power  output. 
There  are  two  general  types  of  ac  motors  which 
are  used  on  aircraft,  the  induction  and  the 
synchronous.  The  induction  motors  ac^  further 
divided  into  three  classes :  single-phase,  two- 
phase,  and  three-phase.  Of  these,  the  three- 
phase  is  the  class  generally  found  on  aircraft. 
Prior  to  starting  our  discussion  of  ac  motors,  let's 
discuss  one  that  can  be  used  on  either  ac  or  dc. 

23-2.  Universal  Motor,  A  universal  motor  is  a 
series-connected  motor  that  may  be  operated  on 
ac  or  dc  with  approximately  the  same  speed  and  ^ 
''torque  characteristics.  The  armature  and  field 
coils  of  the  universal  motor  are  connected  in 
scries.  A  change  in  current  direction,  due  to  the 
ac  input,  or  commutation  action  of  dc  results 
in  an  in-phase  relationship  between  the  armature 
and  the  field  flux.  As  the  direction  of  current 
flow  and  the  direction  of  magnetic  flux  in  the 
field  and  armature  are  changed,  the  rotation  of 
the  armature  will  remain  the  same.  Even  though 
the  current  is  reversing  120  times  per  second 
(60 'Hertz  input),  the  universal  motor  will  con- 
tinue to  run  in  the  same  direction,  because  the 
field  flux  is  always  in  phase  with  the  armature 
flux.  When  a  universal  motor  is  run  on  dc,  the 
current  flowing  in  the  circuit  is  limited  only  by 
its  resistance  and  the  self-induced  armature  volt- 
age. For  ac  operation,  the  reactance  due  to  the 
inductance  of  the  coils  absorbs  some  of  the  line' 
voltage,  resulting  in  a  lower  speed  on  ac  than 
on  dc  for  a  given  value  of  current.  In  large  uni- 
versal motors,  reactance  losses  are  compensated 
for  by  an  auxiliary  winding.   This  winding  is 
displaced  90  electrical  degrees  from  the  main 
field  winding.   The  field  of  this  compensating 
winding  counteracts  the  effect  of  armature  reac- 
tion and  also  tends  to  improve  commutation.  In 
universal  motors,  the  field  and  the  frame  must 
be  lamd|^ed  to  reduce  heating  by  eddy  currents 
when  tho^motor  is  used  on  ac. 

23-3.  These  motors  are  seldom  found  on  air- 
craft or  allied  equipment;  they  are  usually  used 
in  instrument  testing  devices.  However,  they  have 
a  wide  commercial  application.  You  will  come 
across  them  in  electric  drills,  fans,  and  such  small 
appliances  as  vacuum  cleaners.  , 

23-4.  Induction  Motors*  The  induction  motor 
has  long  been  Icnown  for  dependable,  trouble- 
free  service.  This  type  of  motor  is  used  where 
small  and  medium-sized  ac  motors  are  needed, 
arhe  speed  is  determined  by  the  number  of  poles 
and  the  frequency  of  thensupply  voltage,  and 
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Figure  72.   Squirrel  cage  rotor. 


remains  constant  over  a  wide  range  of  loads.  The 
induction  motor,  as  the  name  implies,  operates  on 
the  same  principle  as  a  transformer,  with  the 
stator  acting  as  the  primary  winding  and  the 
rotor  acting  as  the  secondary.  There  are  no  con- 
nections between  the  stator  and  the  rotor;  all  volt- 
ages in  the  rotor  are  created  solely  by  mutual 
induction.  We  will  next  discuss  the  three  types 
of  rotors  found  in  induction  motors. 

23-5.  Squirrel  cage  rotor.  Some  induction 
motors  have  a  rotor  that  is  called  a  squirrel  cage. 
The  basic  construction  principles  of  all  squirrel 
cage  rotors  are  the  same  regardless  of  the  dif- 
ferences in  appearance  (see  fig.  72).  Each  is 
made  of  a  laminated  iron  core  mounted  on  a 
spider  or  framework  secured  to  the  shaft.  Bars 
of  copper,  aluminum,  or  some  alloy  which  is  a 
goo4*  conductor  are  laid  in  slots  on  the  core.  The ' 
bars  are  .welded  to  eqd  plates  at  each  end  of 
the  rotor.  That's  all  there  is  to^it— no  electrical 
connections  to  outside  lines,  na  insulation,  no 
phases,  and  no  sfiprings..  This  rotor  got  lt$  nick^ 
name  from  the  appearance  ol  the  windings  ^wh 
removed  from  the  iron  core. 


23-6.  Double  squirrel  cage  rotor.  The  double 
squirrel  cage  rotor  contains  two  sets  of  rotor  bars, 
as  shown  in  figure  73.  One  set  of  bars,  which 
has  a  comparatively  small  cross-sectional  area,  is 
placed  in  the  slots  close  to  the  surface  of  the 
rotor;  the  other  set,  which  has  a  larger  cross- 
sectional  area,  is  placed  deeper  into  the  slots. 
The  set  with  the  smaller  cross-sectional  area  has 
a  resistance  of  a  few  tenths  of  an  ohm,  while  the 
other  set  has  a  resistance  of  a  few  thousandths 
of  an  ohm.  The  larger  number  of  flux  linkages 
around  the  lower  conductors  gives  this  set  a 
greater  inductance.  The  high  frequency  at  which 
the  rotating  field  cuts  both  sets  of  conductors  at 
starting  speeds  causes  the  total  impedance  of  the 
low-resistance  winding  to  be  higher  than  the  im- 
pedance of  the  top  winding.  In  starting,  therefore, 
most  of  the  current  flows  through  the  top  ban. 
The  higher  resistance  of  these  bars  tend  to  reduce 
phase  angle  between  the  rotor  current  and 
the  field  flux,  and  this  increases  the  starting 
torque.  As  the  rotor  comes  up  to  speed,  the 
frequency  of  the  voltage  induced  in  the  rotor 
becomes  lower,  and  the  inductive  reactance  of 


107 


ERIC 


3.61 


Figure  73.   Double  squirrel  cage  rotor. 

the  bottom  bars  is  reduced.  Since  the  reactance 
of  both  sets  of  bars  is  relatively  low,  the  current 
flow  is  now  limited  largely  by  the  ohmic  re- 
sistance of  the  bars.  Most  of  the  current  now 
flows  through  the  bottom  bars,  since  they  have 
the  lower  resistance. 

23-7.  Under  no-load  conditions,  the  double 
squirrel  cage  motor  operates  as  a  normal  stngle 
squirrel  cage  motor,  with  most  of  the  current 
flowing  through  the  bottom  bars.  Under  varying 
load  conditions,  the  current  automatically  divides 
between  both  sets  of  bars  in  the  proper  propor- 
tions to  produce  the  required  amount  of  torque. 
The  double  squirrel  cage  motor  has  medium  high 
starting  torque  and  moderate  speed,  characteris- 
tics. If  very  high  starting  torque  and  moderate 
speed  control  are  desired,  a  wound  rotor  motor 
is  more  suitable. 

"  23-8.  Wound  rotor  These  motors,  as  used  by 
the  Air  Force,  are  generally  operated  on  three- 
phase  power.  The  stator  is  wound  in  the  same 
manner  as  the  stator  of  the  three-phase  squirrel 
cage  motor;  the  rotor,  however,  is  wire-wound 
and  is  connected  into  three-phase  groups.  The 
leads  from  one  end  of  the  three-phase  groups  are 
star-connected,  and  the  other  three  leads  are 
connected  to  three  sliprings,  as  shown  in  figure 
74.  Three  rheostats  are  star-connected,  through 
the  sliprings,  to  the  rotor  windings.   All  three 

,  rheostats  are  mounted  on  one  shaft,  so  that  they 
may  all  be  adjusted  simultaneously.  The  motor 
is  started  with  the  full  resistance  in  the  rotor 
circuit.  After  the  motor  starts,  the  resistance  is 
gradually  reduced  until  it  is  out  of  the  circuit 
entirely.  The  motor  is  now  at  full  speed.  The 
starting  current  is  not  much  greater  than  the 
full-load  current.  The  wound-rotor  motor  is  a 
variable-speed  motor,  since  \ts  speed  can  be  con- 
trolled by  varying  the  external  resistances.  Al* 
though;  this  type  of  motor  has  a  higher  starting 
torque  ihan  single  or  double  squirrel  cage  motors, 


it  is  not  as  efficient  at  running  speeds,  because 
it  is^t  possible  to  have  as  low  a  resistance  in  a 
wounvxotor  as  in  a  squirrel  cage  rotor.  This  is 
because  Q«  bars  in  a  squinel  cage  rotor  have 
less  resistan^^Oban  the  wire  in  the  wound  rotor. 

23-9.  Ope^iii^^^principles,  When  an  alter- 
nating current  is^^»l^d  to  the  primary  of  a 
transformer,  a  varyin^^Mmetic  field  is  estab- 
lished which  induces  a  volt^^s^nto  the  secondary 
winding.  When  a  voltage  is  ^^iuced  in  a  coil 
situated  in  a  magnetic  field  a  cu?^^JfIows  and 
the  associated  magnetic  field  reacts  wi^^he  exist- 
ing magnetic  field  and  a  force  is  set  up  \vhich 
tends  to  produce  motion  in  the  coil  relative  to 
the  field.  If  the  secondary  windings  were  free 
to  move,  they  would  do  so;  however,  they  would 
come  to  rest  as  soon  as  they  were  outside  the 
influence  of  the  magnetic  field.  If  the  secondary 
is  to  continue  moving,  the  primary  must  be 
moved  so  as  to  keep  the  secondary  within  the 
magnetic  field. 

23-10.  To  explain  how  torque  is  produced, 
the  induction  motor  may  be  considered  as  consist- 
ing of  a  horseshoe  magnet  and  a  disk.  For  pur- 
poses of  explanation,  however,  assume  that  the 
disk  and  the  horseshoe  magnet  are  both  free  to 
rotate  on  a  common  axis.  Since  the  pole  faces 
of  the  magnet  are  separated  from  the  surface  of 
the  disk  by  only  a  small  airgap,  the  flux  lines  of 
the  magnet  pass  through  the  disk.  As  the  magnet 
is  rotated,  the  magnetic  field  induces  eddy  cur- 
rents in  the  metal  disk.  These  induced  currents 
follow  definite  paths  in  the  disk,  as  though  they 
were  following  through  regular  conductors.  Ac- 
cording to  Lenz*s  law,  the  current  inducecf  in  a 
conductor  as  a  result  of  its  motion  in  a  magnetic 
field  is  in  such  a  direction  as  to  exert  a  mechani- 
Ctil  force  opposing  the  motion.  In  the  case  under 
consideration,  the  fact  that  the  disk  is  initially 
stationary  and  the  magnetic  field  is  rotating  is  of 
no  consequence,  because  all  motion  is  relative. 
The  magnetic  field  produced  by  the  eddy  cur- 
rents induced  in  the  disk  exerts  a  force  that 
opposes  the  motion  of  the  magnet.   But,  since 
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Figure  74.    Wound  rotor  schematic. 


the  disk  is  not  held  stationary,  the  opposing  force 
in  the  disk  causes  it  to  revolve. 

23-11.  In  a  constant  magnetic  field,  motion  of 
the  field  or  motion  of  a  conductor  in  the  field, 
will  cause  current  to  be  induced  in  the  conductor. 
The  direction  of  the  induced  current  in  the  con- 
ductor will  be  such  that,  by  its  eleclromagnetic 
action  on  the  field,  it  will  cause  the  conductor 
to  move  in  the  same  direction  as  the  magnetic 
field.  The  magnet  and  the  disk  will  both  be 
turning  in  the  same  direction;  however,  when  the 
disk  is  turning  more  slowly  than  the  magnet,  the 
relative  motion  of  the  disk  is  in  th?  opposite  di- 
rection with  respect  to  the  direction  of  rotation 
of  the  magnet.  In  other  words,  if  relative  motion 
were  maintained  between* the  magnet  and  the 
disk,»and  the  magnet  stopped  rotating  relative  to 
an  observer  the  disk  would  be  rotating  in  the 
opposite  direction.  The  relative  motion  between 
the  magnet  and  the  disk,  usually  referred  to  as 
the  slip,  is  important,  because  it  is  this  motion 
which  mduces  the  current  mto  the  disk  to  pro- 
duce the  operating  torque.  As  the  slip  increases, 
the  torque  decreases.  If  the  slip  action  continues 
'  to  increase,  ,a  breakdown  torque  will  be  reached, 
at  which  point  the  rotor  will  come  to  a  standstill. 

23-12.  The  synchronous  speed  of  an  induction 
motor  iS;  the  speed  at  which  the  magnetic  field 
rotates.  It  depends  upon  the  number  of  poles 
from  which  the  stator  is  wound  and  the  fre- 
quency of  the  applied  voltage.  Even  at  no  load. 
"  ,an  induction  motor  will  not  reach  synchronous 
speed,  because  there  must  be  a  difference  in 
relative  speed  between  the  stator  field  and  the 
rotor  m  order  for  induction  to  take  place.  It  is 
only  attained  by  synchronous  motors  with  dc 
excited  rotors.  Before  we  proceed,  you  have  to 
learn  two  formulas — the  first  is  for  synchronous 
speed: 

Synchronous  speed  =   60  X  frequency 


Nr.  of  poles  per  phase 


The  other  is  for  "slip."  wh'ich  is  the  difference 
between  the  speed  of  the  rotating  field  and  the 
rotor;  as  you  can  observe,  it'begins  where  the  first 
formula  leaves  off: 

^  *j>hp'in/^^  rs    synchronous  speed  —  actual  speed 
synchronous  speed 

X  100 

This  value  varies  from  4  to  8.5  percent  at  full 
load  for  motors  of  from  1  to  75  hp.  At  two  to 
four  times  its  normal  rated  load*  an^ac  mductiorf 
motor  may  be  expected  to  stall.  The  reason  is 
"breakdown  torque.''  the  point  at  which  the  rotor 
is  so  heavily  overloaded  that  the  magnciic  field 


no  longer  has  enough  strength  to  turn  the  rotor 
When  this  occurs,  not  only  will  the  rotor  stall, 
but  the  stator  also  will  overheat  in  the  same 
manner  as  an  overloaded  transformer  Needless 
to  say*  this  condition  is  dangerous.  For  safety, 
then,  always  be  sure  that  maximum  load  limits 
for  an  induction  motor  are  never  surpassed. 

23-13.  An  induction  motor  operates  in  a  man- 
ner very  similar  to  that  of  the  simple  induction 
motor  composed  of  the  magnet  and  disk,  except 
that  it  is  unnecessary  to  rotate  the  stator  to  obtain 
a  rotating  field.  There  are  no  pole  pieces  in  the 
stator  of  an  induction  motor.  Instead*  a  distrib- 
uted winding,  similar  to  the  stator  of  a  universal 
motor*  is  used.  The  coil  groups  in  the  stator  are 
lap-wound,  and  these  groups  are  connected  so  as 
to  produce  the  desired  magnetic  poles.  Any 
number  of  poles  may  be  formed  by  connecting 
the  coils  together  properly.  The  stator  core  re- 
mains stationary,  but  it  produces  a  magnetic  field 
which  rotates  as  if  the  entire  stator  were  turning. 
The  ability  of  magnetic  fields  to  add  together  or 
cancel  out  makes  it  possible  to  create  smoothly 
rotating  field  poles.  When  the  motor  is  running 
with  no  load*  the  rotor  will  increase  its  speed  to 
nearly  that  of  the  rotating  magnetic  field.  If  the 
rotor  speed  equaled  the  speed  of  the  rotating 
field,  there  would  be  no  slip;  consequently,  no 
voltage  would  be  induced  in  the  rotor  windings, 
and  there  would  be  no  torque,  because  the  con- 
^  ductors  would  be  cutting  no  flux  lines.  There- 
fore, the  rotor  would  slow  down  until  there  was 
,'sufficient  slip  to  develop  the  necessary  torque. 
In  a  no-load  condition,  very  little  torque  is  re- 
quired; as  stated  prevously.  under  no-load  con- 
ditions the  rotor  speed  nearly  equals  the  speed 
of  the  revolving  field. 

23-14.  Single-Phased  Motors*  If  one  lead  of 
the  three-phase  induction  motor  is  disconnected 
while  the  motor  is  running,  it  will  continue  to  run 
on  two  phase.  However,  it  will  overheat  if  the 
rated  load  is  still  carried.  If  the  motor  is  stopped, 
a  will  not  start  again  with  one  lead  disconnected. 
Thereby  hangs  a  tale.  Single-phase  induction 
motors  will  run  when  once  started,  but  they 
won't  start  themselves. 

23-15.  When  a  single-phase  winding  is  excited 
with  a  single-phase  current,  a  pulsating  field  is 
produced  in  the  stator.  The  magnetic  field 
changes  in  all  of  the  poles  at  exactly  the  same 
time  and  same  rate,  so  no  rotating  field  is  pro- 
duced. A  voltage  is  inid.uccd  in  the  rotor — trans- 
former action — but  no  torque  js  produced.  The 
motor  is  merely  acting  as  a  transformer — the 
stator  is  the  primary  and  the  rotor  is  the  second- 
ary. The  current  flowing  in  the  rotor  conductors, 
due  to  transformer  action,  produces  a  flux  which 
opposes  the  flux  in  the  stntor^Ju§,t^lb^fi 
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Fiturc  75.   Connections  for  split-phase  motor. 

turns  of  the  secondary  of  a  static  transformer  ^ 
oppose  the  primary  ampere  turns.  No  torque  is 
developed  because  of  the  relative  position  of  the 
stator  and  rotor  poles.  And,  there  is  none  during 
the  cycle  of  current;  therefore,  no  torque  is  pro- 
duced by  the  single-phase  motor,  and  it  is  not 
self-starting. 

23-16.  Since  single-phase  motors  arc  not  self- 
starting,  some  auxiliary  means  must  be  used  to 
Stan  them.  Of  course,  you  could  start  the  very 
small  ones  by  hand.  However,  this  doesn't  solve 
the  problem  of  starting  the  larger  motors,  and  it  is 
rather  an  inconvenient  method  of  starting  even 
the  small  ones.  So  some  other  method  is  desira* 
ble.  One  method  is  to  split  the  phase  by  com- 
binations of  mductance,  capacitance,  and  resist- 
ance. 

23-17.  SpUt'phase  motors.  Figure  75  shows  a 
common  method  of  splitting  the  phase.  Two 
windings — running  and  starting — are  placed  in 
the  stator.  The  running  winding  is  wound  on  the 
stator,  and  the  starting  winding  is  wound  on  top 
of  it  in  such  a  manner  that  the  centers  of  the 
poles  of  the  two  windings  are  displaced  by  90^. 

23-18.  The  windings  are  shown  schematically 
in  figure  75.  Here's  the  secret  to  the  operation 
of  the  split-phase  motor — the  currents  in  the  two 
windings  are  not  in  phase.  The  running  winding 
h:^  a  low  resistance  and,  being  surrounded  by 
iron  on  all  sides  except  one,  it  also  has  a  high 
inductance.  On  the  other  hand,  the  starting 
winding  is  wound  with  smaller  wire  and  has  a 
high  resistance.  Also,  it  has  iron  on  only  two 
sides,  and  consequently  has  less  inductance  than 
-^jjT^fr^jym..  Ac  running  winding.  Therefore,  when  the  same 
voltage  is  applied  to  both  windings,  the  current 
in  the  running  winding  lags  the  voltage  more 
than  do^the  current  in  the  starting  winding. 

23-19.  A^iU^e  that  the  current  in  the  run- 
ning winding  f^^he  applied  volta'ge  by  50^ 
while  the  current  inr^^arting  winding  lags  the 
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applied  voltage  by  30*".  The  result  is  a  phase 
difference  of  20®.  The  windings  have  been  al- 
ready established  as  being  90®  apart;  therefore, 
when  the  difference  is  applied  to  the  windings  a 
simulated  rotating  magnetic  field  is  produced. 
This  is  enough  of  a  phase  difference  to  start  the 
motor.  The  phase  difference  is  not  important  in 
this  course  as  a  value  but  rather  what  the  phase 
difference  does  for  the  motor.'  The  phase  dif- 
ference starts  the  rotating  magnetic  field  which 
moves  the  rotor. 

23-20.  When  the  motor  comes  up  to  speed,  a 
centrifugal  device  opens  a  switch  and  disconnects 
the  starting  winding  from  the  line.  The  starting 
winding  has  a  high  resistance,  and  the  PR  loss 
is  high.  So  if  the  centrifugal  device  should  fail 
to  open  the  switch,  the  motor  will  run  hot;  if 
allowed  to  run  very  long  with  the  starting  wind- 
ing in  the  circuit,  the  winding  will  be  burned  out. 
This  is  probably  the  most  frequent  cause  of  fail- 
ure of  the  split-phase  motors.  ^ 

23-21.  Capacitor  motors.  Figure  76  shows  a 
diagram  of  a  single-phase  induction  motor  in 
which  capacitance  rather  than  resistance  is  used 
to  split  the  phase.  A  capacitor  placed  in  the 
starting  winding  circuit  (part  A,  fig.  76)  causes 
the 'current  to  lead  the  voltage  in  the  starting 
winding  circuit.  By  using  the  proper  capacitor, 
the  currents  in  the  two  windings — starling  and 
running— can  be  made  to  differ  in  phase  by 
approximately  90**.  Then,  you  have  a  motor 
with  approximately  the  same  starting  torque  as  a 
regular  two-phase  motor. 

23-22.  Physically,  within  the  motor  the  two 
windings  are  displaced  by  90*^.  With  the  90** 
phase  difference  of  the  two  currents,  the  starting 
torque  produced  is  equivalent  to  the  starting 
torque  of  a  two-phase  motor.  Furthermore,  the 
resultant  line  current  is  almost  in  phase  with  the 
line  voltage,  which  gives  the  motor  an  exception- 
ally high  power  factor — almost  unity. 

23-23.  Where  a  starting  winding  is  used  only 
to  start  the  motor,  it  is  disconnected  from  the 
circuit  by  a  centrifugal  device  ^hen  the  motor 


Figure  76.    Captcitof  start  motor. 
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Figure  77.    Shaded-pole  motor. 

gets  up  to  speed.  This  motor  is  called  a  capaci- 
tor-start,  induction-run  motor.  However,  recent 
improvements  of  capacitors  and  reductions  in 
their  costs  have  made  it  practical  to  build  motors 
in  which  the  starting  winding  in  serieV-^ith  a 
capacitor  is  left  across  the  line.  Thus,  the  motor 
operates  from  a  single-phase  line  with  the  charac- 
teristics of  a  two-phase  motor.  To  reverse  any  o£ 
the  split-phase  motors,  reverse  jcither  the  starting 
winding  or  the  running  winding  leads.* 

23-24.  Repulsion-start  induction-run  motors. 
The  repulsion  motor,  in  its  construction,  may  be 
thought  of  as  a  combination  ac  and  dc  motor. 
Its  stator  is  similar  to  that  of  a  single-phase  in- 
duction motor  and  its  rotor  is  like  that  of  a  dc 
motor.  It  is  provided  with  brushes  which  are 
shorted  together  but  are  not  connected  to  any 
other  part  of  the  motor.  When  voltage  is  applied 
toMhe  stator,  a  definite  polarity  is  set  up  in  the 
field  poles.  This  magnetic  force  will  induce  a 
current  in  the  rotor  windings.  As  the  current  in 
the  stator  windings  changes  direction,  so  does  the 
induced  current  in  the  rotor;  the  like  poles  will 
still  be  opposite  each  other  and  continue  the 
repelling  action.  As  the  motor  speed  builds  up,  a 
set  of  flyweights  is  put  into  operation.  These  fly- 
weights close  a  short-circuiting  device,- which  re- 
moves the  brushes  from  the  commutator  and 
then  shorts  out  the  commutator  segments.  This 
causes  ihc  motor  to  run  as  an  induction  motor. 
The  rotor  coil  will  now  act  the  same  as  the 
copper  or  aluminum  bars  of  a  squirrel  cage  rotor. 
This  motor  has  a  very  high  starting  torque  and 
the  direction  of  rotation  can  be  reversed  by 
shifting  the  brushes  90^  E. 


23-25.  Shaded-pole  motors.  The  shaded-pole 
motor  en^ploys  a  salient-pole  stator  and  a  cage 
rotor.  The  projecting  poles  on  the  M^^ot  resem- 
ble those  of  dc  machines  except  timf  the  entire 
magnetic  circuit  is  laminated  and  a  portion  of 
each  pole  is  split  to  accommodate  a  short- 
circuited  copper  strap  called  a  shading  coil.  This 
motor  is .  generally  manufactured  in  very  small 
sizes,  up  to  1/2  0  horsepower.  A  4-pole  motor  of 
this  type  is  illustrated  in  figure  77.  The  shading 
coils  are  placed  around  the  leading  pole  tip  and 
the  main  pole  winding  is  concentrated  and 
wound  around  the  entire  pole.  The  four  coils 
comprising  the  main  winding  are  connected  in 
series  across  the  motor  terminals. 

23-26.  During  that  part  of  the  cycle  when  the 
main  pole  flux  is  increasing,  the  shading  coil  is 
cut  by  the  flux,  and  the  resulting  induced  emf 
and  current  in  the  shading  coil  tend  to  prevent 
the  flux  from  rising  readily  through  it.  Thus,  the 
greater  portion  of  the  flux  rises  in  that  portion  of 
the  pole  that  is  not  in  the  vicinity  of  the  shading 
coil.  When  the  flux  reaches  its  maximum  value, 
the  rate^ change  of  flux  is  zero,  and  the  voltage 
and  cusjtot  in  the  shading  coil  also  are  zero. 
At  this  time,  the  flux  is  distributed  more  uni- 
formly over  the  entire  pole  face.  Then,  as  the 
main  flux  decreases  toward  zero,  the  induced 
voltage  and  current  in  the  shading  coil  revers^e> 
their  polarity,  and  the  resulting  magnetomotive 
force  tends  tp  prevent  the  flux  from  collapsing 
through  the  iron  in  the  region  of  the  shading 
coil.  The  result  is  that  the  main  flux  first  rises 
in  the  unshaded  portion  of  the  pole  and  later  in 
the  shaded  portion.  This  action  is  equivalent  to 
a  sweeping  m9vement  of  the  field  across  the  pole 
face  in  the  direction  of  the  shaded  pole.  The 
cage  rotor  conductors  are  cut  by^this  moving  field 
and  the  force  exerted  on  them  causes  the  rotor 
to  turn  in  the  direction  of  the  sweeping  field. 

23-27.  The  shaded-pole  motor  is  similar  in  op- 
erating characteristics  to  the  split-phase  motor. 
It  has  the  advantages  of  simple  construction  and 
low  cost.  It  has  no  sliding  electrical  contacts  and 
is  reliable  in  operation.  However,  it  has  low 
starting  torque,  low  efficiency,  and  high  noise 
level.  If  is  used  to  operate  small  fans.  The 
shading  coil  and  split  pole  are  used  in  clock 
motors  to  make  them  self-starting. 

23-28.  Two-Phase  Motors.  The  two-phase  and 
the  four-pole,  single-phase  induction  motors  have 
th^  same  basic  construction.  However,  the  coils 
are  not  connected  together  as  in  the  single-phase 
motor.  Since  two-phase  power  has  four  leads,  we 
simply  connect  the  two  leads  of  each  phase  to 
the  corresponding  phase  leads  of  the  power  sup- 
ply. 
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Figure  78.  Two-phase  motor. 


23-29.  Figure  78,  part  A,  is  a  schematic  of  a 
two-pole  two-phase  stator  winding.  When  these 
windings  arc  energized  by  two-phase  power,  the 
phase  relationship  of  the  cunents  will  vary  by 
the  sine  curves  shown  in  part  B.  Since  there  is  a 
90"^  phase  shift  between  the  phases,  no  special 
devices  are  required  to  cause  a  rotating  magnetic 
field  in  a  two-phase  motor.  It  simply  follows  the 
output  of  the  ac  generator. 

23-30.  To  change  direction  of  the  two-phase 
motor,  simply /e verse  the  connection  of  either  of 
the  two  phases.  This  will  reverse  polarity  in  one 
set  of  poles  and  cause  the  magnetic  field  and  the 
rotor  to  rotate  in  the  opposite  direction. 

23-31.  On  an  aircraft,  the  electrical  instru- 
ments are  just  about  the  only  units  operated  by 
two-phase  motors.  The  majority  of  ac  motors  on 
aircraft  are  of  the  three-phase  type. 

23-32.  Thrce-Phase  Motors.  The  trend  of 
modem  aircraft  is  toward  a  strictly  ac  power 
system.  This  presents  the  problem  of  what  type 
ac  motor  should  be  used  in  the  construction  of 
starter  and  actuator  motors.  The  three-phase 
motor,  because  of  its  small  size  and  light  weight, 
fits  the.  need  perfectly.  Also,  since  the  three 
phases  are  separated  by  120  electrical  degrees, 
there  is  no  need  for  additional  starting,  devices. 
The  induction  principles  covered  for  single-phase 
motors  also  apply  to  three-phase  motors. 

23-33.  The  direction  of  rotation  of  a  three- 
phase  motor  may  be  reversed  by  changing  any 
two  of  the  three  power  leads.  This  can  easily  bfe 
done  by  using  a  double-pole  double-throw  rela^ 
connected  between  two  of  the  three  motor  lead; . 
This  relay  is  then  controlled  by  a  remote  switch, 
which  controls  the  direction  of  rotation  of  the 
motor. 

23-34.  Now  we  should  mention  some  of  the 
peculiar  characteristics  of  the  three-phase  motor. 
Even  though  it  will  not  always  start  on  two 
phases,  it  will  run  on  two  phases,  but  will  not 
can7  a  very  large  load.  The  three-phase  motor 


will  not  run  on  one  phase.  The  three-phase  mo- 
tor has  a  very  high  starting  torque  and  a  great 
power  capability. 

23-35.  Synchronous  Motors.  The  basic  parts 
of  a  synchronous  motor  are  the  rotor  and  the 
stator.  The  rotor  is  composed  of  permanent  mag- 
nets or  is  one  whose  poles  are  excited  by  a 
source  of  dc  and  whose  polarity  does  not  change; 
the  stator  consists  of  several  pairs  of  poles  and 
is  excited  by  ac.  A  synchronous  and  a  repulsion- 
start  motor  operate  in  much  the  same  manner. 
In  the  synchronous  motor,  however,  the  rotor 
polarity  is  established  by  furnishing  a  dc  source 
through  the  brushes  to  the  rotor  windings.  By 
using  a  multipole  stator  as  in  the  three-phase 
induction  motors,  we  can  obtain  a  rotating  field 
when  polyphase  ac  is  applied  to  the  stator.  When 
dc  is  supplied  through  sliprings  to  the  rotor 
windings,  a  fixed  polarity  is  produced  at  each 
pole.  These  poles  lock  in  step  with  those  of  the 
rotating  field,  and  the  rotor  is  pulled  around  as 
the  stator  magnetic  field  turns.  Because  of  the 
lockup,  the  rotor  travels  at  the  sanie  speed  as 
the  rotating  field.  In  other  words,  the  rotor  speed 
is  synchronized  with  that  of  the  stator  field.  It  is 
from  this  design  that  the  motors  derive  their 
name. 

23-36.  Now,  let's  suppose  that  the  stator  and 
rotor*  are  energized  at  the  same  time.  According 
to  the  laws  of  magnetism^  the  stator  poles  will 
attract  the  unlike  ones  of  the  jotor.  If  the  motor 
is  a  four-pole  type  and  draws  60  Hertz  cunent, 
the  synchronous  speed  of  the  field  will  be  1800 
rpm  as  soon  as  the  field  is  excited.  However,  the 
rotor  can't  jump  from  a  standstill  to  1800  rpm  in 
•^nothing  flat."  The  windings  would  be  yanked 
out  of  their  slots  and  the  entire  motor  would  be 
wrecked.  However,  if  the  rotor  is  brought  up  to 
a  speed  that  is  the  same  or  neafly  equal  to  that 
of  the  rotating  field,  it  will  lock  in  step  and  be 
jowed  around  by  the  field  at  synchronous  speed. 
How  do  we  bring  this  condition  about?  The 
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method  is  simple.  We  start  synchronous  motors 
as  induction  types.  A  squinel  cage  winding  is 
placed  upon  the  rotor.  When  the  motor  comes 
up  to  an  rpm  that  is  slightly  less  than  synchronous 
speed,  the  dc  field  on  the  rotor  can  be  excited 
dnd  the  lockup  will  occur. 

23-  37.  To  reverse  a  synchronous  motor,  we 
change  the  direction  of  current  in  the  rotor  or 
shift  the  brushes  as  we  did  with  the  repulsion- 

> start  motor.  In  both  cases,  we  reverse  the  polarity 
of  the  rotor.  The  synchronous  type  is  used  in  a 
few  instruments  and  also  electric  clocks,  but  these 
are  about  the  only  devices  on  aircraft  where  there 
is  need  for, such  motors. 

24.  Rotary  Inverters 

24-  1.  If  you  checked  the  technical  order  index, 
you  would  find  there  arc  about  ^  hundred  dif- 
ferent makes  and  models  of  rotary  inverters  cur- 
rently installed  in  aircraft.  All  have  two  things 
in  common.  These  are  devices  which  change  dc 
into  400  Hertz  ac,  and  they  consist  of  a^dc 
motor  which"  drives  an  ac  generator  (both  of 
which  are  mounted  in  the  same  housing).  A 
few  examples  of  the  differences  between  the 
models  are  the  methods  of  speed  control  and 
the  frequency  control,  their  ability  to  generate 
one  or  two  different  voltages,  and  their  electrical 
capacity.  Also,  some  are  single-phase  and  others 
arc  three-phase  inverters. 

24-2.  Inverter  Capacity*  Our  first  considera- 
tion concerns  the  system  for  rating  the  output. 
The  electrical  capacity  of  these  units  i^  expressed 
in  volt-amperes.  It  is  equivalent  to  the  product 
of  the  voltage  produced  multipHecf*by  the  current 
capacity,  which  varies  from  100  va  to  5000  va 
for  those  inverters  now  in  use.  In  those  inverters 
which  produce  two  different  voltages,  the  ca- 
pacity is  expressed  as  the  sum  of  the  capacity 
of  the  two  separate  sources.  For  example,  an 
inverter  listed  as  a  250  va,  whose  output  is 
distributed  60  va  at  26  volt,  single-phase,  and 
190  va  at  115  volt,  single-phase.  Another  in- 
verter is  rated  at  750  va  at  115  volt,  three-phase, 
and  250  va  at  26  volt,  single-phase,  which  re- 
sults in  an  invertcr'with  a  capacity  of  1000  va. 

24-3.  Frequency  Control  When  dealing  with 
ac,  frequency  is  very  im(>ortant.  If  the  motors, 
instruments,  amplifiers,  and  other  control  are  to 
operate  efficiently,  it  is  absolutely  necessary  that 
the  frequency  of  the  voltage  be  regulated  within 
certain  limits.  The  general  range  for  inverter 
frequencies  is  from  375  to  425  Hz,  but  ccnain 
types  have  controls  which  maintain  frequency 
between  much  narrower  limits.  For  example,  the 
frequency  range  of  one  inverter  is*  380-420  Hz^ 
while  that  of  another  inverter  is  390-410  .Hz. 


24-4.  As  indicated  previously,  frequency  is  de- 
pendent upon  two  factors.  With  a  two-pole  field 
and  a  single  loop  of  wire  rotating  in  that  field, 
we  know  that  it  is  possible  to  obtain  one  cycle 
of  ac  for  each  revolution.  Now,  if  the  number 
of  fields  is  increased  to  eight,  we  will  get  .four 
cycles  of  ac  per  revolution.  If  the  speed  in  the 
latter  case  were  one  revolutit)n  per  second,  we 
would  have  a  frequency  of  4  Hz.  If  the  rotating 
member  were  driven  at  a  speed  of  100  revolu- 
tions pet  second,  the  induced  voltage  would  reach 
a  frequency  of  400  Hz.  The  formula,  as  previ- 
ously mentioned,  used  for  determining  fre- 
quency is: 

Frequency  =    Nr.  of  pairs  of  potes  X  rpm 
60 


24-5.  Since  the  number  of  pairs  of  poles  is 
determined  by  the  unit  manufacturer,  no  control 
may  be  exercised  there.  However,  the  speed  of 
the  inverter  is  controllable.  In  some  of  the 
smaller  inverters  the  manufacturers  have  de- 
signed motors  to  run  at  a  fairly  constant  speed 
of  such  magnitude  that  the  inverter  will  generate 
a  400  Hz  voltage.  However,  in  the  larger  out- 
put inverters' there  must  be  some  mechanical  or 
electrical  control  in  order  to  maintain  constant 
speed  of  the  drive  motor. 

24-6.  How,   then,   is   frequency  controlled? 
Well,  there  are  four  different  ways.   You  can 
use  either  (1)  flyweight  assemblies,   (2)  fly-* 
weight  controlled  carbon  piles,  (3)  series  res- 
onance circuits,  or  (4)  voltage  regulator  circuits. 

24-7.  Flyweight  assembly.  Several  inverters 
include  as  part  of  the  speed  control  a  flyweight 
arrangement  located  at  the  end  of  the  armature 
shaft.  Under  the  action  of  forces  resulting  from 
rotation' (centrifugal  force),  the  flyweights  are 
forced  outward  from  the  shaft.  In  those  inverters 
having  flyweight  governors,  the  outward  move- 
ment of  the  flyweights  is  changed  to  a  lateral 
motion  and  applied  to  a  moving  electrical  con- 
tact. A  fixed  electrical  contact  is  so  positioned 
with  respect  to  the  movable  one  that  neither 
touch  when  the  motor  is  turiiing  at  speeds  below 
the  normal  frequency  rangeViicivevcr,  as  the 
motor  speed  increases,  the  centrifugal  force  act- 
ing on  the  flyweight  produces  progressively  more 
and  more  lateral  displacement  of  the  moving  con- 
tact. When  the  speed  reaches  a  point  that  has 
the  frequency  pf  the  invener  at  the  upper  end  of 
the  normal  frequency  range,  the  contact  points 
touch  and  complete  an  electric  circuit,  which,  in 
turn,  aqts  to  reduce  the  speed  of  the  motor. 
When  this  last  action  occurs,  the  effect  on  the 
flyweight  governor  unit  is  lessened  and  the  con- 
tacts separate  again.  As  a  result,  the  motor  spcpd 
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will  increase  and  the  cycle  will  be  repeated. 
Thus,  the  speed  of  the  motor  is  regtilated  so  that 
the  frequency  of  the  ac  produced  by  the  inverter 
unit  will  be  within  the  375  to  425  Hz  ratnge. 

24-8.  Flyyveight  controlled  carbon  pile.  The 
carbon  pile  for  this  method  is  similar  to  the  one 
used  in  the  voltage  regulator.  We  know  that 
carbon  is  a  conductor  of  electricity  and  that  its 
resistance  is  dependent  upon  the  temperature  of 
the  carbon  and  the  amount  of  pressme  applied 
between  the  various  particles.  Figure  79  is  a 
drawing  of  a  typical  carbon-pile  speed  control 
unit.  The  unit  continues  to  use  the  rotating  fly* 
weight  assembly  which  is  counteracted  by  a  ball 
thrust  unit.  This  ball  thrust  unit  is  attached  to  a 
glass  or  porcelain  insulating  rod,  which  extends 
through  the  carbon  pile.  One  end  of  the  stack 
.of  carbon  discs  is  stationary,  whereas  the  washer 
at  the  other  end  is  free  to  move  on  the  insulating 
rod  under  the  action  of  a  floating  stud.  You 
adjust  the  speed  and  inverter  frequency  by  turn- 
ing the  nut  and  varying  the  pressure  on  the  spring 
that  is  located  between  the  nut  and  the  floating 
^,tud. 

24-9.  When  the  motor  turns,  tl^|  flyweight  as- 
sembly rotates.  This  action  results  in  centrifugal 


force,  causing  the  weights  to  move  outward  from 
the  axis  of  rotation.  As  the  spring  member, 
situated  in  the  governor  section,  tends  to  become 
flat  on  account  of  the  previous  actions,  the  ball 
thrust  unit  moves  in  the  same  direction  because 
of  the  spring  in  the  adjustment  end.  The  first 
small  part  of  the  travel  of  the  assembly  produces 
no  control  over  the  motor  speed,  because  the 
floating  stud  i§  not  in  contact  with  the  movable 
washer.  However,  as  the  speed  increases,  the 
lateral  movement  of  the  center  asseqibly  con- 
tinues until  tlje  floating  stud  begins  to  press  upon 
the  movable  washer.  As  the  acceleration  causes 
more  and  more  pressure  to  be  applied  to  the 
stack  of  carbon  discs,  the  resistance  of  the  carbon 
stack  B^mes  less,  thereby  allowing  more  cur- 
rent to  flow  in  the  control  section  of  the  inverter 
motor.  When  the  inverter  frequency  approaches 
the  upper  limit  of  its  normal  range,  the  flow  of 
current  through  the  control  field  of  the  motor  will 
be  sufficient  to  bring  about  a  speed  reduction. 
Then  the  return  spring  under  the  flyweights  will 
cause  (he  moving  parts  to  be  displaced,  the  pres- 
sure on  the  carbon  pile  to  be  reduced,  and  the  re- 
sistance in  the  control  field  circuit  of  the  motor 
to  be  increased.  Units  of^his  design  are  generally 
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capablfe  of  maintaining  the  frequency  within  a 
range  of  380  to  420  Hz.  ) 

24-10.  Series-resonance  circuit.    The  series- 
resonanc?  principles  discussed  in  ydumc  1, 
Chapter  6.  can  be  applied  to  this  circuit.  Its 
components  consist  of  an  in(Juctanpe  coil,  a  ca- , 
pacilSLa  rectifier  circuit,  and  the  control  fiejd 
of  the  in^ter  motor.  The  power  to  operate  the 
circuit  is  generally  furnished  by  the  26-volt  out- 
put of  the  iftverter, 'although  in  some  units  it  is. 
taken  direcUy  from  the  115-volt  termijjials  and 
reduced  by  use  of  a  transformer.  Normally, 
there  is  sol  much  impedance  offered  by  the  in- 
ductance cdiland^apacitor  in  the  control  circuit 
that  very  little^current  will  flow  through  the  con- 
trol field'Of  the  motor.  However,  as  the.frequency 
of  the  current  goes  above  400  Hz,  the  circuit  will 
approach  a  series-resonant  condition.    At  this 
point,  the  impedance  of  the  circuit  is  decreasing 
rapidly*  thus  allowing  more  current^  to  flow 
through  the  control  field  and  causing  the  motor  to 
slow  down.  As  soon  as  the'  output  reaches  400 
Hz,  the  impedance  of  the  control  circuit  will 
again  increase  and  cut  down  the  current  in  the 
control  circuit.  ^ 

24-1 1.  Voltage-regulator    circuit.     The  fre 


and  currejnt  limiting  resistor  to  the  inverter  output 
terminals. /in  the  rectifier  briSge  the  ac  is  changed 
to  a  pitlsating  dc/  which  flows,  through  the  volt-  ' 
age  regulator  control  coil,  a  carbon  pile  type 
voltage  regulator  similar-  to  those  previously  dis- 
cussed. The  carbon  pile  is  positioned  between  the^ 
dc  input  terminal  and  the  geneyatmg  field.  Con- 
nected in  parallel  with  the  carbon  pile  is  the 
inverter  motor* control*  field.  / 

24-12.  Nonrially  the  voltage  adjusting  rheostat 
is  factorj^  pr  depot  adjusted  to  niaintain  115-volt 
ac  output.  Automatic  speed  control  is  obtained 
through  the  rectifier,  the*  voltage  regulator,'  and 
the  control  field.  Any  increase  in  .speec^  above 
normal  will  cause  the  ac  voltage  to  become 
greater  and  will  put  a  larger  dc  voltage  across 
'  the  terminals  of  the  rectifier  bridge.  As  this  voh- 
a'ge  is  impressed  upon  the  regulator  ^Control  coil, 
it  will  cause  the  pressure  on  the.  carbon  pile  to 
^e  decreased.  Because  of  this,  ihtrhjk  a  corre- 
sponding increase  in  the  resistance  ofthe  as- 
sembly, and,  as-  a  result  of  this  action,  current 
How  to  the  generating  field  will  decrease.  There-^ 
>fpre*  the  ac'' voltage  remains  more  or  less  constant 
/in  spite  of  the  step-up  in  veloci^ty.  As  the  resist- 
'  ance  of  the  carbon,  stack  increases,  thc^reswtance 
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quency-control  circuit  Is  connected  directly  to  the  /  of  the  motor  contrpl  field   which  is  wired  .n 

voltage-regulator  circuit  of  th^  inverter,  as  dia-/  parallel  with  the  carboh  stack,  remains  the  same, 

grammed  in  figure  80.   The  voltag?  adjusting  This  set  Of  CDirdiuons  causes  the  current  flow 

fheSTat  is  connected  through  a  .recUfier  bridgl  through  the  control  field  winding  to  increase  and 
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results  in  a  reduction'  of  motor  speed.  As  the 
^  speed  of  the  inverter*  decreases,  the  resistance 
of  the  carbon,  pile  is  fS^ened.  This  allows  the 
currenMo  the  motor  control  field  windings  to  de- 
crease. At  the  same  time,  the  current  through 
'the  generating  field  'windings  will  'increase, 
thereby  maintaining  the  voltage.  ' 
'^4-1 3.  Factory  and  ^epot  adjustments  deter- 
mine the  basic  specijof  motor  rotation,  and  are 
made  only;  to  the  shunt  field  rheostat,  which 
controls  the  current  through  the  shunt  field  of  the 
motor.  The  circuit  described  a6ove*then  controls 
the  speed  within  a  narrow  range  on  either  side 
of  the  factory  or  depot  basic  adjustment.  <  Just 
*as  frequency  can  be  controUedji  so'  can  voltage. 

24^14  Voltage  Control.  All  of  the  inverters  in 
use  today  draw  dc  power  from  the  motor  supply 
y     terminals  and  apply  it  to  the  geqerator  field  wind- 
ings through  some  control  medium.  Direct  cur- 
rent fron}  tne  motor  terminals  is  i^sed  for  the  field 
excitation  to^ovide  a  more  constant  output  volt- 
T    age.  If  part  of  the  ac  output  of  the.  inverter 
v^were  to  be  "rectified  and  used  for  tUif  purpose, 
'yoR  .would  have  to  use  more  filters-  to  smooth 
*^  9ut  the  ripples  and  eliminate  their-  adverse  ef- 


fects upon  the  waveform  of  the  output  voltage. 
In  the 'case  of  the  smaller  inverters,  w|iich' op- 
erate at  a  constant  speed  and  upon  which  the 
load  is  fairly  light,  the  ^strength  of  these  mag- 
netic fields  does  upt  have  to  undergo  any  ap- 
preciable change;  therefore  the  field  current  and 
the  output  voltage  can* be  controlled  through  a 
variable  resistor  connected  in  seri^  with  the  gen- 
erating Yield.  With  a  motor  speed  and  a  field 
strength  that  remains  the  same,  we  will  always 
have  a  constant  voltage  putput"  as  long  as  the 
electrical  load  applied  to  the  inverter  is  not  suf- 
ficient to  cause  m  loss  in  speed.  ' 

24-15.  Some  inverters  are  equipped  with  a 
HI-LO  switch.  The  115-volt  winding  is  tappbd 
so  that  acfditional  turns  may  be  switched  into*  the 
circuit  to  compensate  for  a  drop  in  voliage  when 
a  heavy  load  is  placed  on  the  system.  Usu^Uy 
the  HI-LO  switch  is  mounted  on  the  denter  frame 
of  the  inverter  and  is  safetied  iq  orjk  position  or 
the  other,  depending  upon  the  aii/craft  and  the 
load  theMnverter  is  to  carry.'  The. inverter  will 
maintain  an  output  of  115  volts  at  one-half  of 
fu|l  load  when  the  switch  is  in  ythe  LO  position, 
ai^d  three-fourths  of  the  115  Volts  at  fulNrated 
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Figure  81.   Electronic  voltage  regulator. 
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load  when  the  switch  is  set  in  the  HI  position. 
Althou^  this  is  a  wide  variation  in  voltage,  these  , 
inverters  arc  installed  only  when  the  nqrmal  load 
is  less  than  half  of  their  full  capacity.  So,  with 
the  s>yitch  on  LO,  a  fairly  constant  115-volt  out- 
put is  obtained  from  the  inverter. 
.  24-16.  Most  o|^  the  larger  capacity  inverters  . 
use  a  voltage  regulator,  whjch  senses  the  output 
ac  voltage  (either  26  or  115  volt),  transforms  it  , 
int^  do  through  the  use  of  rectifiers,  and  then 
uses  this  rectified  dc  to  control  the  current  going 
to  the^  generating  windings.  In  this  manner,  a 
more'  constant  voltage  is  obtained  throughoi^t  the 
full  load  range  of  the  unit.  The  regulators  may 
be  the  carbon  pile  type  previously  discussed  or 
electronic  ones  which  we  .will  explain  next. 

24-17.  Electronic  Voltage  Regulators.  Elec- 
tronic voltage  regulators  operate  on  the  principle 
that  a  vacuum  tube  functions  as  a  variable  re- 
sistor/ When  a  tube  conducts,  its  dc  plate  re- 
sistance is  the  plate-t^Mrathode  voltage  divided  by 
.the  de  flowing  through  the  tube.  An 'increase 
•in  bias  decreases  the  current  flow  and-  increases 
the  dc  plate  •  resistance  of  a  tube;  a  decrease 
•  in  bias  increases  the  current  flow  and  decreases 
the  dc  plate  resistance  of  a  tube. 

24-18.  The  electronic  voltage  regulator  shown 
in  figure  81  is  capable  of  very  close -regulation 
at  a  level  which  rfey  be  set  by,  varying'  the 
potentiometeiwsettipg.  ^This  circuit  contains,  a 
vacuum  lube' Vi  in  series  with  rhe  load  (inverter 
lield).  Tile  voltage  across  the  inverter  field  is 
regulated  by  controlling  the  conduction  of  Vt. 
Thus,  Vi'acts  as  a  variable  resistor  that  auto- 
matically adjusts  T^tself  to  the  correct  value.  V.i 
i<^a  VR  (voltage  regulator)  tube,  which  main- 
tains" the  9athode  of  V2  at  a  fixed,  positive  po-  , 
tential.  ;  The  voltage  diyider  system — composed 
of  Rs,*- R4-,  ^2ind  R5 — is  arranged  so  the  ad-; 
4ustable.  arm  of  R4  ean  be  adjusted  to  a  positive 
value  sufficiently  low  to  bias  V2,  so  that  it  op- 
"crates-iton/the,  linear  portion  of  the  Ej-Ip  curve. 
''Ri  is  the  plate  Wad  resistor  for  Vo,  which  is  con- 
nected  in  series  with  VR  tube»V2.  The  purpose 
of  this  resistor  is  to  absorb  any  changes  of  volt- 
age and  keep  the  cathode  of  Vo  at  a  fixed  po- ^ 
tential. 

24-19.  If  the  output  voltage  (point  A)  tends  to 
>^rise  due  to  an  iffCrease  in  output  voltage,  the 
voltage  at  point  B  alsb  tends  to  rise.  The  voltage 
at  BMs  the  voltage  applied  to  the  grid  of  Vo  and 
therefore  determines  how  much  V2  will  conduct. 
If  V2  conducts  more,  there  is  an  increase  in  cur- 
•rent  through  Ri  and  a  decrease  in  voltage  at 
point  C.  This  decrease  in  voltage  is  applied  to 
the  grid  of V|  and  causes  it  to  conduct  less.  This 
increase  in  the  resistance  of  Vi  counteracts  the 


tendency  of  rise  in  output  voltage  and  keeps  the 
volt^age  con^ant. 

24-20.  If  the  output  voltage  should  tend  io 
fall,  the  voltage  at  B  tends  to  drop,  causing  a 
rise  in  voltage  at  point  C.  This  increase  in  volt- 
age at  C  causes  Vi  to  conduct  more  and  increases 
ttie  output  voltage.  %  » 

24-21.  The  setting  of  B  determines  the  bias 
of  V2  and  therefore  the  current  flowing  thVough 
it.  -cAs  this  .current  flows  through  Ri^-'it  deter- 
mines the  bias  pn  Vj.  The  dc  plate  resistance 
of  ,Vi  determines  the  output  voltage.  Conse- 
quently, the  output  voltage  is  adju^able,  within 
limits,  by  setting  the  movable  tap,  point  B,  of 
potentioiiipter  R4.  Because  of  the  great  amount 
of  current  flo\y  required  in  some  equipment,  you 
^  may  find  two  or  more  tubes  in  parallel  to  serve 
the  purpose  of  Vi. 

24-  22.  This  regulator  is  a  typical  electronic 
voltage  regulator,  and  there  are  several  variations 
which  appear  in  inverters  of  different  manufac- 
turers. If  you  understand  tjiis  one,  you  will  have 
no  trouble  with  its  variations. 

.  24-23.  There  are  two  inverters  to  insure  con- 
tinuous and  accurate  -bperation  for  certain  indi- 
cating and  control^  installations  that  require  ac 
power.  One  is  the  "main"  inverter,  so  called 
because  it  is  in  constant  operation;  the  other  is  an 
alternate.  In  order  to  guarantee  the  necessary  ac 
power  to  all  units  that  draw  current  from  the 
inverter,  a  changeover  relay  is  installed  between 
both  inverters  and  the  units  that  receive  the 
power.  The  alternate  inverter  will  automatically 
assume  the  load  in  case  the  main  inverter  fails. 
Normally,  in  the  system  containing  two  inverters, 
the  qjlternate  remains,  inoperative  unless  there  is 
an  emergency.  Or,  if  necessary,  the  alternate 
can  be  wired  so  that  it  is  actively  functioning  at 
all  times. 

25.  Static  Inverters  ^ 

25-  1.  Static  inverters  are  cQmpletely  solid  state 
electronic  devices  that -convert  a  direct  current 
input  into  a  sinusoidal  alternating  current  out- 
put. Those  designed  for  aircraft  u^e  normally 
produce  an  output  of  115  volts  and  oscillate  at 
400  Hz.  This  output  can  be  either  single  phase 
or  three  phase.  Fbr'^  simplicity,  this  discussion 
wilt  be'  limited  to  a  particular  single-phase  design. 
However,  most  of  the  basic  concepts  are  applic- 
able to  the  other  types  of  static  inverters. 

25-2.  This  static  inverter,  from  an  input  of 
27.5  volts  dc,  produces  a  single  ^^jjase,  115-volt, 
400  Hz  output.  The  entire  circuit  (see  foldout  3) 
is  composed  of  six  basic  circuits  which  are  ^as 
follows: 

t)scillator  circuit  (fig.  82)  ^ 
Voltage  sensing  circuit  (fig.  83) 


Voltage  xclfercncc  circuit  (fig.  84) 
^   Voltage  driver  circuit  (fig.  85) 
'Push— rpull  (JUtput  circuit  (fig.  86) 
Resonant  output  tank  circuit  (fig.  87) 

In  our  discussion  of  the  static  inverter  we  will 
use  foldout  3  as  wdl  is  the  figures  of  the  six 
basic  circuits  that  make  up  the  static  inverter. 
We  will  start  our  diseussioir  with  the  oscillator 
circuit,  figure  82  and*  foldout  3. 

'25-3.  Oscillator  Circuit  Frequency  Control. 
Transformer  Tl  and  transistors  Ql  and  Q2  mate 
up  the  oscillator  circuit  (sec  fig.  82).  This  cir- 
cuit has  a  constant  frequency  output  of  400  Hz 
(see  waveform  2),  and  is  a  push-pull  type  oscil- 


lator. However,  push-pull  operation  of  transistors 
Ql  and  Q2  provide  greater  output  than  the  single-  ^ 
ended  U'ansistor  oscillator.  Dc  power  for  this  cir- ' 
cuit  is  provided  from  an  external  27.5-volt  dc 
power  supply  through  the  filtering  network  con- 
sisting of  reactor  LI  and  capacitor  C7  (see  fold- 
out  3).  Base  bias  for  the  transistors  is  established 
by  the  resistive  bridge  network  consisting  of  re- 
sistors Rl,  R2,  and  R3.  Resistor  R4  is  a  swamp- 
ing resistor  for  temperature  stabilization.  The 
frequency  of  oscillation  is  essentially  determined 
by  the  LC  tank  circuit  cpnsisting  of  capacitor 
CI  and  the  primary  winding  of  transformer  Tl. 
A  regenerative  feedback  signal  is  applied  between 
the  emitter-base  junctions  of  each  transistor  by 
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Figure  82.   Oscillator  circuit.  ^ 
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Figure  83.   Voltage  sensing  circuit 


means  of  the  induced  voltage  in  the  secondary 
of  transformer  Tl.  Operation  of  this  circuit  after 
feedback  is  similar  to  that  for  the  push-pull  am- 
plifier. The  output  of  this  circuit  is  coupled  to 
the  vohage  driver  circuit  through  another  sec- 
ondary winding^  of  transformer  Tl.  ' 

i5-4.  There  arc  actually  two  different  signals 
applied  to  the  voltage  driver  circuit.  Both  of 
these  signals  must  be  established  Jwfore  yfeu  can 
proceed  with  the  analysis  of  the  voltage  driver 
circyit.  One  -is  the  sinusoidal  output  of  the  oscil- 
lator circuit,  which  has  already  been  discussed, 
while,  the  other  is  a  dc  voltage,  .established  by 
the  voltage  reference  circuit.  Because  the  voltage 
sensing  circuit  controls  the  voltage  reference  cir- 
cuit, the  sehsing  circtut  is  the  logical  place  to 
proceed  with  the  discussion. 

25-5.  Voltage  Sensing  Circuit  The  voltage 
sensing  circuit  establishes  the  input  signal  to  the 
voltage  reference  circuit  from  a  sample  of  the 
inverter  output  vohage.^  It  is  comprised  of  a 
secondary  winding  of  transformer  T3  and  a  full- 
wave  bridge  rectifier,  consisting  of  diodes  Cl(5, 
CR6,  CR7t  and  CR8  (see  fig.  83).  The  inverter 
output  through  transformer  T3  is  impressed  across  - 
the  diode  bridge  between  the  junctions  of  diodes 
CR5  and  CR6  and  diodes  CR7  ^d  CR8.  A 
constant  potential  is  applied  to- one  side  'of  the 
bridge  while  the  current  through  resistor  Rll  de- 
termines the  voltage  on  the  opposite  side.  There- 
fore,* this  current,  which  is  proportional  to  th? 
output  of  transformer  T3,  will  effect  the  voltage  at 


tht  base  of  transistor  Q5  in  the  voltage  reference 
circuit.  , 

25-6.  For  the  purpose  of  explanation,  assume 
that  the  output  of  the  inverter  is  zero.  Therefore, 
thV  voltage  induced  into  the  secondary  of  trans- 

'  former  T3  will  also  be  zero  as  will  be  the  voltage 
impressed  across  the  diode  bridge.  There  is  a 
constant  5.1  VDC  (established  by  4iode  CR9) 
applied  to  -the  junction  of  diodes  CR6  and  CRS 

'  and  resistor  RTl.  However,  there  will  be  a  small 
amount  of  current  through  the  emitter  base  junc- 
tion of  transistor  Q5  and  resistors  Rll  and  RTl 
that  is  sufficient  to  cause  all  diodes  in  the  bridge 
to  be  reversed  biased.  At  this  time  the  potential 
at  the  base^of  transistor  Q5  will  be  at  its  maxi- 
mum positive  value,  which  will  forward-bias  its 
emiuer-base  junction. 

25-7.  As  the  inverter  output  voltage  increases, 
the  secondary  output  of  transformer  T3  will  in- 
crease, resulting  in  a  proportional  increase  in  the 
vokdge  across  the  diode  bridge.  Assume  that  for 
a  given  alternation  the  instantaneous  polarity  is 
such  that  the  junction  between  diodes  CR5  and 
CR6  is  negative  with  respect  to  the  junction  be- 
tween diodes  CR7  and  CRS.  As  the  magnitude 
of  the  output  voltage  increases,  diodes  CR5  an(i 
CR8  will  become  forward-biased  but  diodes  CR6 
and  CR7  will  remain  reyerse-biascd.  At  this  time 
current  flows  from  terininal  7  of  transformer  T3 
through  diode  CR5,  resistors  Rll  and  R7,  diode 
CRSy  and  back  to  terminal  9  of  the  transformer. 
When  this  occurs,  the' positive  potential  at  the 
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base  of  transistor  Q5  will  decrease.  This  de- 
creases forward-bias  of  its  emitter-base  junction. 
On  the  next  alternation,  when  the  polarities  of 
the  instantaneous  voltages  are  reversed,  diodes 
CR6  and  CR7  will  be  forward-biased  and  diodes 
CR5  and  CR8  will  be  reverse-biased.  However, 
current  through  resistor  RU  will  be  of  the  same 
sense  and  magnitude  as  discussed  above. 

25-8.  Whenever  the  inverter  output  voltage 
changes  the  voltage  sensing  circuit  detects  this 
change.  From  it  a  signal  iideveloped  such  that, 
when  applied  to  the  input  tsknsjstor  (QS)  in  the 
voltage  reference  circuit,  tbre  trahsistor*s  emitter- 
base  bias  is  changed.  Ho^  this  effects  the  volt- 
age reference  drcuif  will  be  seen,  from  the  follow- 
ing discussion. 

'  2S-9.  Voltage  Reference  Circuit  The  voltage 
reference  circiut  is  made  up  of  transistors  QS  and 
Q6  and  their  associated  circuitry  (see  fig.  84). 
This  reference  circuit  provid^^  a  dc  reference  volt- 
age for  the  sinusoidal  input  signal  applied  to  the 
voltage  driver  circuit.  This  voltage,  which  is  the 
collector  voltage  of  transistor  Q6,  is  determined 
by  the  emitter-base  bias  of  transistor  Q5  and  Q6. 


As  you  have  already  seen,  this  bias  was  the 
result  of  a  signal  developed  by  the  voltage  sens- 
ing circuit. 

25-10.  To  illustrate  the  operation  of  this  cir- 
cuit, assume  again  that  inverter  output  is  zero 
volts.  At  this  time  recdl  that  the  voltage  to  the 
base  of  transistor  Q5  was  at  a  maximum  (>ositive 
value.  This  provides  a  maximum  forward-bias 
for  the  emitter-base  junction  of  transistor  Q5. 
Therefore,  the  emitter-base  junction  of  transistor 
Q6,  which  is  directly  coupled  to  transistor  Qd, 
will  also  have  a  maximum  forward-bias.  This 
will  cause  the  collector  voltage  of  transistor  Q6, 
which  is  also  the  reference  voltage  applied  to  the 
cwter  tdj)  of  transformer  Tl,  to  be  at  a  minimum 
(near  zero)  value. 

25-11.  As  you  have  sftn,  the  voltage  reference 
circuit  establishes  a  dc  voltage  at  the  input  of 
the  voltage  driver  circuit.  This  voltage  changes 
as  the  inverter  output  voltage  changes.  It  will  be 
shown  in  later  discussions  that  a  change  in  the 
reference  voltage  causes  a  change  in  the  magni- 
tude of  the  inverter  output  voltage.  Therefore,  this 
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circuit  combined  with  the  voltage  sensing  circuit 
forms  a  degenerative  feedback  circuit. 

25-12.  Voltage  Driver  arcuit.  The  voltage 
driver  circuit  consists  of  a  portion  of  transformers 
Tl  and  T2,  transistors  Q3  and  Q4,  and  associated 
componerus  (see  fig.  i5)^.  This  driver  circuit  is 
an  intermediate  stageoof  amplification.  The 
sinusoidal  output  of  the  o^illator  circuit  is  coupled 
to  the  input  of  the  voltage  driver  circuit  through 
transformer  Tl.  This  signal  (see  wavefrom  3) 
IS  superposed  with  the  reference  voltage  at  the 
center  tap  of  transformer  Tl.  Then  the  resultant 
signal  {^^e  waveform  4)  is  applied  to  the  bases 
of  transistors  Q3  and  (^4  through^  diodes  CRl 
and  CR2.  The  output  from  this'  section  is  a 
square  p\jlse  (see  waveform  5)  of  constant  ampli- 
tude but  whose  pulse  width  can  vary. 

25-13.  In  order  to  understand  this  circuit  it  is 
best  to  first  compare  the  output  waveshape  to  the 
operation  of  transistors  Q3  and  Q4.  iVansistor 
Q3  and  Q4  arc  biased  so  that  one  of  the  follow- 
ing three  conditions  can  e^^st. 

a.  Both  transistors  conducting  at  a  maximum. 

b.  Transistor  Q3  conducting  at  a  maximum 
with  transistor  Q4  cut  off. 

c.  Transistor^  Q4  conducting  at  a  maxtmum 
.  with  transistor  Q3  cut  off. 


25-14.  In  the  first  condition,  both  transistor 
circuits  are  conducting  at  saturation  due  to  clamp- 
ing diodes  CR3  and  CR4,  this  is  the  quiescent 
state.  At  this  time,  the  collector  voltages  of  both 
transistors,  will  be  at  their  lowest  values.  How- 
ever, it  should  be  noticed  that  the  voltage  drop 
of  resistor  RIO  will  be  large  since  its  current  is 
iht  sum  of  both  collector  currents.  This  condition 
is  the  midpoint  of  the  output  waveshape. 

25-15.  Assume  that  transistor  Q3  is  conducting 
with  transistor  Q4  cut  off.  The  collector  voltage 
of  transistor  Q4  will  increase  to  a  value  approxi- 
mately equal  to  the  voltage  drop  of  resistor  RIO. 
This  should  be  approximately  one-half  its  qui- 
escent value.  Notice  that  the  polarities  of  the 
collector  voltages  are  such  that  the  collector  of 
transistor  Q4  will  be  positive  with  respect  to 
the  collector  of  transistor  Q3.  This  condition  is 
represented  by  the  lower  pulse  of  the  output 
wave. 

25-^6.  When  transistor  Q4  is  conducting  with  ^ 
transiTtor  Q3  cut  off,  the  previous  condition  is 
just  reversed.  Also,  you  should  note  that  the 
polarity  of  the  collector  voltages  will  be  reversed. 
This  is  represented  by  the  upper  pulse  of  the 
output  wave. 

25*17.  Now  that  the  operating  condffions  for 
transistors  Q3  and  Q4  have  been  established,  we 
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arc  able  to  proceed  with  Our  discussion.  Again, 
assumg  that  the  output  of  the  inverter  is  near 
zero.  Also,  recall  that  for  this  condition  the 
reference  voltage  was  approximately  zero, 
thereby  placing  terminal  2  of  transformer  Tl  ef- 
fectively at  a  ground  potential.  For  explanation 
puiposes,  assume  that  the  instantaneous  voltage 
of  the  sinusoidal  input  signal  is  such  that  tenninal 
1  of  transfocmcr  Tl  is  positive  with  respect  to 
terminal  3.  For  this  set  ^ondiuon,  diodes  CR2 
and  CRl  will  be  forward-biased  and  reverse- 
biased  respectively.  This  reverse-biases  the  emit- 
ter-base junction  of  ^ansistor  Q3  cutting  it  off. 
It  remains  cutoff  throughout  most  of  the  input 
alternation.  As  you  have  already  seen, 'this  pro- 


duces the  upper  pulse  of  the  output  signal.  How- 
ever^the  width  of  the  pulse  is  approximately  the 
same  width  as  the  input  alternation.  On  the  next 
alternation,  transistor  Q4  will  be  cut  off,  pro- 
ducing the  lower  pulse  of  the  output  signal. 

JS-18.  As.  the  inverter  output  voltage  in- 
creases, the  reference  voltage  applied  at  terminal 
2  of  transformer  Tl  increases.  The  sinusoidal 
input  signal  is  then  superposed  on  the  reference 
voltage  and  applied  to  erodes  CRl  and  CR2. 
This  will  cause  each  diode  to  conduct  for  a, 
shorter  period  of  time  during  each  input  alterna- 
tion, which  reduces  the  width  of  each  pulse  (but 
not  the  frequency)  that  is  alternately  applied  to 
the  base  of  each  transistor.  The  pulse  width  of 
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Figure  86.   Push-pull  output  circuit. 
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the  output  signal  vlfill  be  reduced  proportionally 
and  then  coupled  to  the  push-pull  output  circuit 
through  pulse  transformer  T2. 

25-19.  Po$h-PuU  Output  Circuit  The  push- 
pull  output  circuit,  consists  of  transformers  T2 
and  T3,  transistors  Q7  and  Q8,  and  reactor  12 
(see  fig.  86).  This  circuit  develops  a  sinusoidal 
output  signal  whose  magnitude  is  dependent  upon 
the  width  of  the  input  pulses.  The  input  signal 
(see .  waveform  6)  is  applied  to  the  bases  of 
transistors  |Q7  and  Q8,  which  make  up  a  class 
,  "B"  push-pull  amplifier.  This  signal  is  then  am- 
plified but,  due  to  the.  reactances  offered  by  the 
coils  of  transformers  T2  and  T3  and  reactor  L2 
to  the  square  pulse,  a  sinusoidal  output  signal  is 
produced  (see  waveform  7).  Since  current 
through  this  total  reactance  increases  exponenti- 
ally as  a  function  of  time,  an  increase  in  the 


input  pulse  width  -will  increase  the  period  for 
current  flow.  This  allows  the  current  through 
each  transistor  to  rise  to  greater  values  with  a 
corresponding  increase  in  the  output  voltage. 

25-20.  We  have  sho\vn  that,  the  inverter 
output  voltage  increases,  the  width  of^fhe  input 
pulse, to  the  push-pull  output  drcuit  decreases. 
Therefore,  its  output  vohage  decreases^  If,  how- 
ever, the  inverter  outputs  voltage  decreases,  then 
by  the  same  reasoning  the  output  from  the  push- 
pull  output  circuit  increases.  Obviously  there 
should  be  some  operating  point  where  the  entire 
circuit  is  stablized.  This  point  is  established  by  * 
the  value  of  the  resistance  selected  tor  resistor 
R14  in  the  voltage  sensing  circuit.  The  regu- 
lated output  from  the.  push-pull  output  circuit  is 
coupled  to  the  resonant  output  tank  circuit 
through  transformer  T3.  ^ 

25-21.  ResonanKhitput  Tank  Circuit.  A  sec- 
ondary of  transformer  T3  and  capacitors  C5,  C6, 
and  C8  compHse  the  resonant  output  tank  circuit 
(see  fig.  87).  This  circuit,  which  is  a  series- 
resonant  circuit,  is  tuned  for  400  Hz.  Therefore, 
when  the  frequency  of  the  input  voltage  is*  400 
Hz  the  current  through  the  tank  circuit  will  be  a 
nrraximum.  Sxnct  the  resistance  of  this  circuit  is 
low.  compared  to  the  capacitive  reactance,  the  . 
Q  will  be'  high.  However,  the  voltage  across  the 
capacitors  is  equal  to  Q  X  E  (applied).  TTiere-" 
fore,  the  output  voltage  across  the  capacitors  will 
be  greater  than  the  voltage  induced  into  the  sec- 
ondary winding  of  transformer  T3.  This  output 
voltage  is  the  inverter  output.  Under  rated  loads 
it  will  be  approximately  325  volts  ac  peak  to 
peak  (115  volts  RMS)  oscillating  sinusoidally  at 
400  Hz. 
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CHAPTER  REVIEW  EXERCISES 

^ 

The  following  exercises  are  study  aids.  Write  your  answers  in  pencil  in  the  space  provided  after  each 
exercise.  Immediately  after  completing  each  set  of  exertises,  check  your  responses  against  the  any^ers  for 
that  set.  Do  not  submit  your  answers  to  ECI  for  grading. 

CHAPTER  1 

Objectives.  To  gam  the  knowledge  needed  to  solve  problems  requiring  the  inspection  and  servicing  of 
lead-acid  and  aUcaline^battcries.  To  be  able  to  explain  correct  procedures  for  perfomiing  the  required 
mspection  and.scrvicingon  these  batteries  and  also  to  explain  the  proper  procedures  UrtTsafety  precautions 
to  be  observed  in  the  maintenance  of  batteries,  servicing,  and  charging  equipment. 

L  .    When  handling  or  mixing  electrolyte,  what  safety  precautions  should  be  observed?  ( 1-6) 


2.     Why  should  a  deluge  shower  and  eye  wash  be  installed  in  a  battery  shop?  ( 1  -6,  7) 


3.     What  gas  is  produced  when  charging  batteries?  What  hazards  does  it  create?  ( 1  -8) 


V 

4      What  is  the  open  circuit  voltage  of  a  lead -acid  cell?  (MO) 


5.     Explain  the  term  ''specific  gravity.'*  (1-13) 


ERIC     ^     .  , 


*6.    What  is  the  proper  way  to  mix  eiectrply te  used  in  iead-acid  batteries?  ( I •  1 5 ) 


7.    What  should  be  the  specific  gravity  of  a  fully  charged  lead-acid  cell*^  (1-17) 


J77 


8.  When  should  a  hydrometer  test  be  taken  of  a  lead-acid  cell?  (1-19) 

9.  What  IS  used  to  neutralize  spilled  battery  acid?  (1-22) 


10.  -  How  is  the  correct  level  of  electrolyte  established  in  a  lead-acid  cell?  (1-24) 


1 1 .    What  IS  the  constant-current  charging  method?  ( 1  -27) 


12.  ^^lat  determines  the  charging  current  laa  string  of  battene'^onnected  m  series?  (1-31)  *^ 


0 
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13.    What  is  the  constant-potential  mfcthod  of  chai'feing  batteries?  (1-34) 


'  37^  - 


14.    What  can  cause  the  apparent  rapid  boiling  of  the  electrolyte  while  charging  batteries?  (1  -37)  ^ 


15.  y^at  IS  the  purpose  of  capacity  testing  a  lead-acid  battery?  (1-42)  , 


16.    How  IS  a  lead-acid  battery  charged  prior  to  performing  a  capacity  test?  (1-42) 


17.    What  happens  to  a  lead-acid  battery  that  fails  the  capacity  test?  (1-45) 

\ 


18.    What  is  used  to  neutralize  the  electrolyte  used  in  nickel-cadmium  batteries?  (2-4) 


19.    Why  are  lead-acid  batteries  isolated  from  alkaline_batteries?  (2-7) 
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20.    What  IS  the  proper  electrolyte  level  in  nickel-cadmium  batteries?  (2*10) 


21.  How  IS  the  state  of  charge  of  nickel-cadmium  batteries  determined?  (2t  1 2) 

f 

22.  Whatmethods  can  be  used  to  charge  nickel-cadmmm  batteries?  (2-15) 


"23.    What  are  the  three  tunctions  of  the  charger/analyzer?  (2-1?) 


24.    Wh;jt  IS  the  iead-acid  battery  test  that  serves  the  same,  function  as  the  discharger  section  in  th 
charger/analyzer?  (2-21) 


\ 


25.    What  wrench  is  necessary  to  perforrn  work  on  nickel-cadmium  batteries'^  (2-23) 


^26.    What  IS  the  procedure  for  the  installation  of  a  new  cell  in  a  nickel-cadmium  battery?  (2-25) 


27.    What  is  the  electrolyte  solution  used  in  alkaline  batteries?  (2-9,  3-4) 


28.    How  !S  the  electrolyte  level  determined  in  the  silver-zinc  battery?  (3-7) 


29.    What  does  the  term  **soaking  period**  mean  as  applied  to  a  silver-zinc  battery?  (3-8) 


30.    How  IS  the  state  of  charge  of  a  silver-zinc  battery  determiried?  (3- 1 0) 


31.    What  is  formation  charging?  (3-1 3) 


32.    What  is  the  recommended  method  of  charging  silver-zinc  batteries?  (3-17) 


CHAPTER  2 

Objective:  To  acquire  a  working  knowledge  and  understanding  of  aircraft  power  systems  test  equipment. 
1 .    What  is  the  purpose  of  the  load  bank  on  the  A-2  generator  ^test  stand?  (4^) 
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2.     What  is  the  purpose  of  the  0- to  lO-amp  rheostat  located  on  the  panel  of  the  dc  generator  lest 
stand?  (4-10)  '  ' 


3.  Why  must  the  A-2  generator  test  stand  be  modined?  (4-15) 

4.  Who  IS  responsible  for  maintaining  the  A-2  generator  test  stand?  (4- 1 7) 


5.     What  IS  the  function  of  the  T-S 1  dc  test  set?  (4-20) 


6.     Why  is  it  possible  to  bench  check  a  generator  control  panel  without  access  to  the  internal  components? 
(4-20) 


7.     What  maintenance  ckn  be  performed  on  tht.I-31  test  set  by  shop  personnel?  (4-22) 


8^    What  is  the  purpose  of  the^-35  tester?  (5-2) 


) 


« 

What  IS  the  purpose  of  the  ac  electronic  generator  in  the  T-35  tester?  (5^)  c 


C' 

Wliat  IS  the  purpose  of  the  power  amphfier  in  the  T-35  tester?  (5-5) 


What  power  is  required  to  operate  the  T-35  tester?  (5-10) 


What  IS  the  purpose  of  the  feedback  circuit  used  in  the  power  amplifier?  (5-14) 


In  the  dc  power  supply  metering  and  control  unit  how  is  relay  contact  operation  indicated''  (5«  1 7) 


14.  .  Of  the  two  testers.  T-35  and  T-170,  which  one  is  capable  of  handling  a  greater  load?  (6-3) 


15.    What  are  the  component  parts  of  the  T-1 70  tester?  (6-4) 
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16.    What  is  the  purpose  of  the  fixed  400  and  l600Hz  output  of  the  T-170  test  set?  (6-5) 


( 


17.    What  is  the  programmer  and  relay  control  center  used  for  on    170  test  set?  (6-9) 


18.    How  is  the  operation  of  the  control' dc  power  supplies  controlled?  (6-13) 


19.    What  components  make  up  the  digital  mstrumentation  system  of  the  T-170  test  set?  (6-15) 


20    The  power  amplifying  section  of  the  power  amplifiers  is  a  push  pull  configuration  usmg  two  power 
triode  tubes.  When  the  power  output  demands  of  the  tubes  are  above  60  wa.tts,  in  what  class  are 
the  tubes  operated?  (6-24)  ^ 


21.    How  is  the  T-170  test  set  prograirjmed?  (6-27,  28) 


22.    What  is  the  purpose  of  the  recorder  unit  used  by  the  T-170  tester?  (6-32) 
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23.    What  is  the  purpose  of  the  MC-2  test  stand?  (7-1 ) 


24    How  IS  the  start  phme  mover  disengaged  when  the  main  prime  mover  is  started?  l7-3) 

 '  '  ■  / 


25.    What  IS  the  purpose  of  the  hr^it  switches  used  with  both  the  start  and  mam  prime  mover'^  (7-5) 


26.    If  the  hydraulic  oil  in  the  reservoir  becomes  too  hot,  what  will  happen  to  the  MC-2  test  stand?  (7-6) 


27     What  IS  the  purpose  of  adapter  kits  used  with  the  MC-2  test  stand?  (7-8)  • 


28    What  IS  the  function  of  the  A-1  load  bank  tester?  (8-1) 


29,    What  IS  the  source  of  power  for  operating  tb^^l  load  bank?  (8-2) 


30.    What  \%  the  total  reactive  load  the,A- 1  load  bank  can  provide?  (8*3) 
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31.    What  is  tlie  total  resistive  load  provided  by  the  A-1  load  bank?  (8-4) 


/ 

32.    How  are  the  ammtfter  and  wattmeter  on  the  A-1  load  bank  protected  from  overload"*  (8-6,  8-7) 


33.^  What  IS  the  purpose  of  the  thermostat Iswitch  on  the  A-1  load  bank?  (8-10) 


34.    What  are  the  basic  requirements  for  testing  an  inverter?  (9-2) 


35,    What  are  the  powerlequirements  for  the  L-1 A  mverter  tester?  (9-3) 


36.    To  obtain  voltage  and  current  readmg  while  testmg  a  smgle  phase  mverter,  what  position  should  the 
voUs/amps  switch  be  in?  (9-5) 


31.    What  is  the  greatest  single  factor  to  consider  when  a  system  malfunction  is  reported*^  (10-2) 
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38.     What  determines  the  test  requirement  of  any  system  component?  (10-3) 


CHAPTER  3 

Objective.  To  gain  a  background  knowledge  of  the  operation,  troubleshooting,  testing,  repair,  mspection, 
and  maintenance  of  an^aircraft  single  and  multigenerator  dc  power  system. 

1 .     What  is  a  generator?  (11-1) 


If  you  have  a  magnetic  field  and  a  conductor,  what  else  is  needed  to  mduce  a  voltage  m  the  conductor? 
(11-2) 


3.     What  component  in  the  generator  contains  the  secondary  circuit?  (11-4) 


4.      What  component  of  the  generator  transforms  the  generated  ac  mto  dc?  (1 1-4) 


5.      What  JS  a  self-excited  generator?  (11-6) 


V 


6.     Name  the  types  of  generators  when  they  are  classified  according  to  the  relationship  of  the  armature 
to  the  field  windings.  (1 1-7)  .  .  '  . 
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7    What  presents  the  use  of  the  series-wound  generator  on  aircraft?  (1 1-8) 

8.    What  type  generator  has  its  field'coUs  connected  in  parallel  with  the  armature?  (1 1-9) 


9.    in  a  compound-wound  generator  what  is  tffe  relationship  of  the  field  coils  to  the  laad?  (11-11) 


10.    What  IS  armature  reactance?  (1 1-13) 


11.    What  are 


the  four  ways  of  taking  care  of  the  emf  of  self-mduction  and  armature  reaction?  (1  M4.L7) 


12.    How  are  the  interpole  windings  connected  in  relation  to  the  armature?  (11-14) 


13.    What  is  the  action  of  the  slotted  pole  pieces?  (1  MS) 


14 


14.    What  is  the  action  of  the  laminated  pole  tips?  (11-16) 


15.    How  are  the  compensating  windings  connected  in  relation  to  the  generator  armature?  (11-17) 


16.    What  color  is  a  normally  operating  commutator?  ( 1 1-22) 


17.    What  are  the  effects  of  incorrect  brush  spring  pressure?  ( 1 1-23) 


18    What  is  the  minimum  contact  surface  on  a  properly  seated  brush?  ( 1 1-27) 


^19.    What  is  most  commonly  used  for  seating  generator  brushes?  (1 1-29) 


20.    What  !S  the  mdication  of  a  grounded  armature?  (1 1-30) 
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21.    In  the  growler  test,  what  does  a  buzzing  hacksaw  blade  indicate?  ( 1 1-33) 


22.    When  making  a  gcrterator  field  test,  what  indicates  a  grounded  cijcuit?  ( 1 1-35) 


23.    What  indication  does  an  open  armature  give  in  the  growler  test?  (1 1-36) 
V 


24.    What  is  the  purpose  of  the  voltage  regulator?  (12-4) 


25.    What  is  the  most  common  method  used  to  control  the  current  in  the  field  coUs?  ( 1 2-4) 


26.  What  ha^ns  to  current  flow  through  the  field  coils  if  carbon  stack  resistance  is  lowered?  (1 2-7) 

27.  What  is  the  effective  range  for  which  the  carbon-pUe  voltage  regulators  can  be  adjusted?  (12-11) 
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•  ^      28i    What  is  the  purpose  of  the  stabUizing  resistor  circuit?  (12-13) 


'29.    Why  must  a  regulator  be  allowed  to  warm  up  before  it  is  adjusted?  (12-15) 


30.    Why  is  the  RCR  referred  to  as  a  differential  relay?  (12-19) 


3L    What  are  some  of  the  functions  of  the  RCR?  (12-19)  /' 


32.    What  other  unit  operates  simultaneously  with  the  overvoltage  relay?  ( 12-23) 


33.    Name  the  two  relays  that  are  inside  the  field  control  relay.  (12-24) 


34.    Name  the  essential  units  irv  a  single-generator  control  system.  (13-4) 
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35!    What  is  the  purpose  of  initial  power  on  the  generator  system?  (13-7) 

% 

36.    What  controls  the  current  flow  in  the  field  circuit?  (13-10) 


37.    How  may  the  M-2  field  control  relay  beureset?  (13-11) 


38.    What  approximate  voltage  will  cause  the  overvoltage  relay  to  close?  (13-12) 


39,    What  is  responsible  for  the  ageration  of  the  equalizer  circuit?  (13-16) 


40.    If  two  generators  are  not  dividing  the  load  properly,  what  would  you  do  first?  (13-19) 


41.    What  should  be  the  first  check  of  the  generator  system  if  the  cockpit  voltmeter  read  zero  volts? 
(14-9)  . 
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.  '  42.    What  would-be  the  cockpit  voltmeter  reading  if  the  "B"  f.nger  of  the  regulator  base  were  not  making 
,  contact  with  the  "B"  prong tjf  the  voltage  regulator?  (14. 10) 


37> 
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Directions  (Exercses  43-52.):  The  voltmeter  readings  in  CRE^able  1  were  taken  from  the  crcu.tshown  ,n 
figure  44  with  the  r^latpr  installed  andnhe  engine  running  at  cruising  speed.  The  ohnrimeter  readings 
-taken  with  the  engine  stopped  and  the  regulator  removed  and  the  generator  switch  in  the  OFF 


were 


position.  Determine  the  nature  and  location  of  the  trouble  as  accurately  as  possible.  (14-28) 


Cockpit 
Voltmeter 


"A"  to"B"  on 
the  generator 
A"  to  "B"     (leads  removed)  Ref 


CRE  Table  1 

Troubleshooting  Information  ohmmeter  readings  at  regulator  Base 
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CHAPTER  4  • 


Objective:  To  gain  the  knowledge  required  to  identify  and  explain  the  steps  andprocedures  in  the 
operation,  troubleshooting,  and  maintenance  of  transformer  rectifier  power  "Sysj/ms.  This  includes  the 
special  T-R  units  used  in  aircr'aft  battery  charging  systems. 

1.     ^What  IS  the  difference  between  a  SOamperc  output  rectifier  type  T-R  unit  and  onfe  rated  at  1 00 
amperes?  (15-3) 


2.     Why  IS  the  four  operations  of  a  T-R  un*^  critical?  ( 1 5-4) 


3.     How  is  the  static  T-R  unit  cooled?  (15-7) 


4.     In  the  battery  charging  T-R  unit,  what  happens  to  the  output  voltage  when  the  load  is  increased? 
(15-9) 


5.     What  are  the  minimum  and  maximum  output  voltages  for  the  static  T-R  unit?  (16-5) 
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\ '  0.     What  should  the  output  voltage  of  the  battery  charging  T-R  unit  be  when  it  is  connected  to  a 
1 0-ampere  lyad?  (CRE  Table  2) 


Load  (Amperes)  Output  Voltage  (D-C) 


0 

^  4 


27.8  to  28.8 

28.9  to  29.7 

10         *  '       ^  28.2  to  30.9 

25     '  '  '  26.5  to  29.8 


CRE  Table  2 


Battery  Charger  T-R  Test  Voltxges 


7.     Using  figure  49,  is  it  possible  for  the  bus  tie  relay  to  become  energiz^if  current  limiterNr.  1 
remains  mtact?  (17-2-6;  Fig.  49) 


8.     Accordmg  to  figure  49,  when  does  the  bus  tie  relay  become  energized?  (17-2-6:  Fig.  49) 


9.     What  two  conditions  must  be  met  before  battery  power  can  be  applied  to  an  essential  bus? 
(17-2-6;  Fig.  50) 
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CHAPTER  S 

Objective.  To  demonstrate  a  knowledge  of  aircraft  ac  power  systems  and  how  they  operate,  and  show  an  ^ 
ability  to  analyze  system  malfunctions. 

1.     What  IS  the  frequency  of  a  generator  output  when  the  rotor  has  6  poles  and  is  turning  at  380  rpm? 
(18-5) 


2.     What  types  of  loads  are  connected  to  a  constant-frequency  generator?  (18-8) 


3-     Wh^t  effect  does  real  load  (kw)  have  on  the  generator  rotor?  (18-13) 


4.     What  determines  the  generator's  ability  to  carry  reactive  load?  (18-15) 


5.     What  type  of  ac  generator  can  be  operated  in  parallel?  (18-19) 


6.     What  conditions  must  be  satisfied  before  generators  can  be  operated  in  parallel?  (18-19) 
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7.    Why  are  generators  operated  in  parallel?  (18-19) 


8.    How  are  ac  generators  rated?  (18-24) 


9.    What  is  the  purpose  of  the  "squii^el  cage"  winding  in  the  starter  of  a  variable-frequency  ac 
^  generator?  (18-27)  ^ 


10.    What  type  of  load  can  be  connected  to  a  variable-frequency  generator?  (18-34) 


\ 

11.    What  are  the  two  different  types  of  ac  generators  in  general  use  in  the  Air  Force?  (18-38) 


'  12.    What  IS  the  purpose  of  the  permanent  magnet  generator?  (18-34) 


13.    How  arc  brushless  generators  cooled?  (1846) 


\ 
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14.    How  i$  the  speed  of  a  constant-frequency  generator  controlled?  (18-56) 


15^    When  is  a  dnve  considered  lo  be  In  an  undcrdriven  cojidition?  (19-7) 


16.    In  what  condition  is  the  drive  when  the  pump  wobbler  assumes  a  positive  angle?  A  negative  angle? 
(19-7,8)  r 


17.    When  is  a  drive  considered  to  be  in  an  overdrive  condition?.  j[  19-8) 


18.    When  is  a  drive  considered  to  be  in  a  straight-through  condition?  ( 19-9) 


19.    What  are  the  functions^f  the  drive  governor  system?  (19-1 1) 


20.    What  is  the  basic  generator  frequency  established  by  the  "basic  speed  governor"  of  a  40  kva  CSD? 
(19-14) 
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21-    What  two  means  are  provided  to  adjust  a  basic  speed  governor  to  maintain  the  generator  frequency 
at40QH2?(19-15andl6)  V 


22.    What  arc  the  functions  of  a  limit  governor?  (19-18) 


.4 

23.    What  is  the  purpose  of  the  over-running  clutch?  (19-22) 


24.    What  is  the  key  component  in  controlling  kw  load  division?  (20-3) 


25.    What  is  the  purpose  of  the  frequency-and-load  controller  during  isolated  generator  operation''  During 
parallel  operation?  (20-3, 4) 


26.    How  is  the  amount  of  load  on  a  generator  sensed?  (2(M). 


27.    On  the  CSD,  where  are  the  frequency-control  signals  applied?  (20-4)  , 
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28.    What  is  the  purpose  of  the  frequency-discriminator  circuit  in  the  40-kva  frequenc>  -and-load 


controller?  (20-7) 


29.    On  what  principle  does  a  magnetic-amplifier  voltage  regulator  operate?  (20-1 2) 


30.    What  is  meant  by  the  term  "generator  error?"  (20-13) 


31.    What  is  the  main  purpose  of  the  second-stage  output  of  the  magnetic  amplifier?  (20-14) 


32.    Why  is  a  feedback  circuit  used  in  the>first  stage  of  a  ma^etic  amplifier  voltage  regulator?  (20^15) 


33.    What  is  the  key  component  in  controlling  kvar  load  division?  (20-19) 


34.    What  will  result  if  the  boost  current  transformer  (used  with  the  magnetic  amplifier  voltage  regulator) 
connected  to  the  voltage  regulator  were  reversed?  (20-25) 
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35,    What  unit  is  used  to  open  and  close  t)ie  exciter  field  of  a  generator?  (20-34) 


36.    What  component  is  used  to  prevent  generator  cycling  during  a  fault  condition?  (20-36) 


37.    What  system  component  detects  generator  undervoltage  during  parallel  operation?  (20-40) 


38.    What  circuit  is  used  to  protect  against  excessive  reactive  current  flow  in  the  generators  or  reactive 
unbalance  in  the  disirit)uiion  system?  (20-40) 

^ 


39.    Under  what  conditions  does  the  OE-UE  loop  circuit  function?  (20-42) 


40.    What  IS  the  purpcijit?j)fa  bus  lie  breaker?  (21-5)  * 

41     When  the  generator  control  relay  closes,  what  circuit  functions  lake  place?  (21-7) 
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42.    In  a  CSC-driven  generator  system  how  is  the  generator  breaker  closed?  (21-8) 


43.    During  manual  paralleling  of  the  generator  how  are  the  bus  tie  and  generator  breakers  positioned'' 
(2M0) 


44.    At  engine  shutdown  how  is  the  generator  breaker  opened?  (2M3) 


45.    The  mam  external  poy^er  receptacle  discussed  in  the  text  provides  for  what  two  components?  (21-20) 


46.    When  is  the  mam  external  power  lockout  relay  energized?  (21-24) 


47.    What  relay  in  the  external  power  system  will  prevent  ac  power  with  the  wrong  phase  sequence  bemg 
connected  to  the  aircraft  bus?  (21-27) 


48.    How  is  the  disarm  relay  circuit  completed  during  load  bank  operation?  (21-31) 
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49. 


List  the  logical  steps  required  to  identify  and  remedy  system  malfunctions.  (21-36) 


50.    How  do  you  identify  a  problem?  (21-39) 


51.    Why  IS  it  helpful  to  write  down  the  possible  causes  of  a  malfunction  when  troubleshooting?  (21-40) 


52.    When  repairing  an  electrical  system,  before  y6u  make  a  costly  replacement,  how  can  you  prove  your 
conclusions  are  correct?  (21-44) 


53.    What  are  the  most  common  causes  of  frequency  troubles?  (21-51) 


,  54,    What  are  the  voltage  output  indications  of  an  ac  generator  if  the  generator  drive  is  locked  in  under- 
drive?'(2I-54) 


55.    What  voltage  indication  will  be  caused  by  exciter-generator  brushes  worn  beyond  acceptable  limits'' 


(21-54) 
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56.    What  will  cause  low  bus  voltage  when  two  or  more  generators  are  operating  in  parallel?  (21-55) 


57.    What  would  cause  the  output  of  a  generator  controlled  by  a  magnetic  amplifier  regulator  to  cycle  ^ 
between  100  and  200  volts?  (21*55) 


58.    What  is  the  most  probable  cause  of  high  generator  voltage  output?  (21*56) 


1.    What  is  motor  action?  (22*3 , 4) 


2.    What  are  the  factors  that  control  torque?  (22*5) 


3.    Explain  the  presence  of  CEMF  in  a  dc  motor.  (22-6-8) 


CHAPTER  6 

Objective;  To  gain  a  knowledge  and  understanding  of  aircraft  dc  and  ac  motors  and  rotary  and  static  S> 
inverters.  '       ^  , 
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Explain  the  internal  connections  in  a  series  motor,  (22-10) 


.    Which  type  motor  has  the  best  speed  control?  (2?- 14) 


Why  would  a  cummulative  compound  be  a  good  motor  to  drive  the  ac  generator  section  of  an  inverter'^ 
(22.15-17) 


7.    What  IS  the  one  factor  that  must  be  considered  in  the  design  of  a  continuous  duty  motor  that  limits 
the  intermittent  duty  motor  to  short  runs?  (22-1 8)  ♦ 


8.  %he  shunt  section  of  a  cummulative  compound  motor  is  controlling  the  speed  of  the  shaft.  If  a 

variable  resistor  is  placed  in  series  with  the  shunt  field,  what  are  the  effects  of  motor  speed  if  current 
increases  or  decreases  in  the  resistor?  (22-23',  24) 


/ 

9.    Why  IS  the  split  field  the  most  easily  reversed  dc  motor?  (22-27-29) 


0.    Ihto  what  three  classes  are  induction  motors  divided?  (23-1) 
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11. 


What  d^terniincs  the  speed  of  an  irtduction  motor?  (23-4)  ^ 


12,    What  is  the  advantage  of  a  wire  wound  rotor?  (23-7) 


13:    What  type  ofj|rotor  is  used  in  induction  motors?  (23-5,  8) 


14.    What  is  the  principle  6f  operation  for  an  induction  motor?  (23-9) 


^  15.    Explain  how  slip  becomes  present  in  an  induction  motor.  (23- 1 1) 


16.  What  is  the  synchronous  speed  of  an  induction  motor?  (23- 1 2) 

17.  What^^uxiliary  means  may  be  used  to  start  a  single-phase  induction  motor?  (23-16) 
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IH.    How  docs  a  capacitor  help  a  single-phase  induction  motor  to  be  self  starting?  (23*21) 


19.  «  When  a  starting  winding  is  used  only  to  start  the  motor,  how  is  it  removed  from  the  circuit?  (23-23) 


20.    How  is  a  three»phasc  induction  motdr  reversed?  (23-33) 


> 

21.    How  many  phases  are  necessary  for  a  three-phase  motor  to  run?  (23-34) 


'>2.    What  IS  synchronous  speed  and  why  are  synchronous  motors  constant  speed?  (23-34,  36) 


Z3-    Name  the  two  units  that  nAke  up  a  rotary  inverter,  (24-1) 


24    What  IS  the  output  frequency  range  for  inverters?  (24-3) 
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25.    Why  do  all  rotary  inverters  take  dc  power  from  the  motor  terminals  for  the  excitation  ut  the  field 
mstead  of  using  so^e  of  the  generated  voltage  and  converting  it  to  direct  current  '  ( 24-  (4) 


26.    In  an  inverter  system  that  has  both  a  main  and  alternate  inverter  what  component  will  automatically 
put  the  alternate  inverter  on  the  load  bus  if  the  main  inverter  fil^,  (24-23) 


27.    What  are  the  six  basic  circuits  that  make  up  the  static  inverter?  (25-2) 


28.    What  is  the  purpose  of  the  oscillator  circuit?  (25-3) 


29.    What  two  signals  are  applied  to  the  voltage  divider  circuit?  (25-4) 


*  30.    What  circuit  detects  a  change  in  the  inverter  output  voltage?  (25-8) 


3 1 .    What  circuits  combine  to  form  a  degenerative  feedback  circuit?  (25- 1 1 ) 
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What  is  the  prominent  characteristic  of  the  output  wave  shape  of  the  voltage  divider  circuit?  (25- 1 2) 


How  will  an  increase  m  the  inverter  output  effect  the  output  signal  from  the  voltage  driver  circuit? 
(25-18)  '  ^ 


How  will  an  increase  in  the  input  pulse  width  effect  the  magnitude  in  the  output  signal  from  the 
inverter?  (25-19) 
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ANSWERS  FOR  CHAPTER  REVIEW  EXERCISES 
^  CHAPTER  1 

1.  You  should  wear  goggles  or  face  ^ield,  rubber  apron,  rubber  gloves,  rubber  boop,  and  know  how  to 
reach  fresh  water.  (1-6)  ^ 

2.  To  be  used  in  case  electrolyte  is  acciAently  splashed  or  spilled  on  you.  (1-6,  7) 

3.  Hydrogen  gas  which  is  highly  flanunable  and  can  explode.  (1-8) 

4.  2.2  volts.  (MO) 

5.  The  comparative  weight  of  a  liquid  with  respect  to  an  equal  volume  of  water.  (1- 13) 

6.  The  sulphuric  acid  should  always  be  poured  into  the  water.  (1-15) 

7.  Approximately  1.275.(1-17) 

8.  Before  adding  water  to  the  pell.  (M 9)   _   


9.  Baking  soda.  (1-22) 

10.  A  small  hole  is  drilled  in  the  stem  of  a  syringe.  Then,  when  the  fluid  level  is  lowered  to  the  edge  of  the 
hole  and  the  syringe  is  bottomed  on  the  plates,  the  level  will  be*(Correct.  (1-24) 

1 1.  Current  is  maintained  at  a  predetermined  level  throughout  the  entire  period  of  (iharge.  (1-27)  % 

1 2.  Charging  current  is  determined  by  the  ampere-hour  capacity  of  the  smallest  capatity  battery  in 
the  string.  (1-31)  '  . 

13.  The  voltage  is  maintained  at  a  predetermined  level  throu^out  the  entire  period  of  charge.  (1-34)  ^ 

14.  Boiling  will  occur  when  the  battery  is  overcharged  or  has  been  charging  at  an  excessive  rate.  ( 1  -37)  , 

15.  To  determine  the  battery's  terminal  voltage  and  state  of  wear.  ( 1 42) 

16.  '  The  battery  is  brought  to  a  full  charge  •and  then  overcharged  for  2  additional  hour?.  (1-42) 

1 7.  The  battery  is  either  condemned  or  painted  yellow  and  stenciled  for  ground  use  only  ( M5) 

18.  Boric  acid.  (24) 

19*.    Acid  will  neutralize  the  alkaline  solution  which,  m  turn,  will  ruin  the  batteries.  (2-7) 

20.  The  electrolyte  should  be  even  with  the  top  of  the  plates.  (2-10) 

2 1 .  State  of  charge  is  determined  by  the  amount  of  current  the  battery  shows  when  connected  to  a 
constant  potential  charging  bus.  (2-12) 

22.  Nickel-cadmium  batteries  can  be  charged  by  the  constant-potential  method,  constant-current  method, 
or  by  a  charged  analyzer.  (2-15) 

23.  The  charger/analyzer  charges,  discharges  and  analyzes  batteries.  (2-*l  9) 

24.  Capacity  test.  (2-21)  ^ 

25.  Torque  wrench.  (2-23) 

26.  (L  Be  sure  that  it  is  completely  discharged. 

6.  Coat  the  sides  of  the  cell  with  vaspline.  '  , 

c  Connect  cells  with  connectors  provided.  ^ 
±  Torque  connecting  bolts.  (2-25)  ^ 2  'J 

) 
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27.  The  electrolyte  is  a  solution  of  potassium  hydroxide  and  distilled  water.  (2-9,  3-4) 

28.  The  cells  are  filled  with  a  measured  amount  of  electrolyte  and  do  not  require  additional  servicing  in 
their  lifetime.  (3-7)  ' 

29.  The  battery  must  stand  for  72  hours  after  servicing.  (3-8) 

30.  The  state  of  charge  is  determined  by  measuring  the  open-circuit  voltage  of  each  cell.  (3-10) 

31 .  It  IS  a  process  of  charging  and  discharging  silver-zinc  batteries  in  a  controlled  sequence  to  condition  the 
battery.  (3-13) 

32.  ^e  constant-current  method.  (3*1 7) 

CHAPTER  2 

1 .  The  load  bank  is  used  to  provide  a  load  for  the  generator  under  test,  (44) 

2.  The  purpose  of  the  0-  to  10-amps  rheostate  is  to  control  generator  output  voltage.  (4 1 0) 

3.  The  modified  test  stand  would  enable  you  to  test  (bench  check)  all  generator  system  components. 
(4-15) 

4.  Electric  shop  personnel  are  responsible  for  maintenance  of  the  A-2  generator  test  stand.  (417) 

5.  The  T-3 1  dc  test  set  provides  a  fast,  uniforin  method  of  testing  and  adjusfing^c  generator  control 
panels.  (4-20) 

6.  Ail  indications  of  proper-relay  operation  are  visible  on  the  tester  by  means  of  lamps  and  meters,  (4-20) 

I.  Repair  of  the  T-3 1  tester  is  limited  to  repair  of  electrical  circuit  malfunctions.  (4-22) 

8,  To  test  and  adjust  ac  generator  control  and  protection  panels  not  containing  transistors.  (5-2) 

9.  To  supply  a  three-phase  and  a  single-phase  low  voltage  with  a  manually  adjusted  frequency  (5-4) 
10.  To  amplify  the  low  voltage  produced  by  the  ac  generator.  (5-5) 

I I.  Power  required  to  operate  the  T-35  testei*  in  1 15  volts  ac,  60  Hz,  single-phase.  (5-10) 

1 2,    The  purpose  of  the  feedback  circuit  in  the  power  amplifier  is  to  stabilize  the  gain  of  the  amplifier 
and  reduce  distortion  in  the  output-signal,  (5-14) 

~     137  Relay  contact  operatTonof  ^  unirTrndergaing^testirrndicated  b>rlamps:  (5-1^)    

14.  The  T-170  tester.  (6-3) 

15.  The  T-170  test  set  consists  of  the  following  units,  ac  electronic  generator,  power  amplifiers,  amplifier 
power  supplies,  power  distribution  unit,  programmer  and  relay-control  center,  card  switch,  voltage-control 
unit,  control  dc  power  supplies,  indicator  unit,  recorder  unit, and  digital  instrumentation  system.  (64) 

16.  The  purpose  of  the  fixed  400  an^  1600  Hz  output  is  to  simulate  ac  system  with  permanent  magnet 
generators  (1600  Hz)  and  making  simulated  generator  paralleling  tests  (400  Hz).  (6-5) 

1 7    The  programmer  and  relay  control  center  provides  a  means  for  applying  test  signals  to  units  undergoing 
test.  (6-9) 

18,  The  control  dc  power  supplies  are  controlled  by  the  card  switch.  (6-13) 

1 9.  The  component  parts  of  the  digital  instrumentation  system  are;  ( 1 )  a  five  digit  electronic  counter, 
and  (2)  a  converter,  voltage  to  frequency.  (6-15) 
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20.  With  an  output  power  above  60  watts  the  tubes  are  operated  in  class  AB.  Below  60  watts  then  are 
.operated  in  class  A.  (6-24)  ^ 

21 .  The  tester  is  programmed  through  the  card  switch,  and  programmer  and  relay  control  center.  (6-27,  28) 

22.  The  recorder  uni}  of  theT-170  tester  is  used  to  record  the  outputs  of  a  frequency  and  load  controller 
under  transient  test.  (6-32) 

23.  The  MC-2test  stand  is  used  to  field-testing  constant-speed  transmissions,  their  400  cps  ac  components 
and  certain  ac  generators.  (7-1) 

24.  The  start  prime  mover  is  disengaged'automatically  by  a  magnetic  clutch  when  the  main  prime  mover 
is  started.  (7-3) 

25.  The  limit  switches  used  on  both  the  start  and  main  prime  mover  are  used  to  control  their  high  and  low 
speed  limits.  (7-5) 

26.  When  the  hydraulic  oil  in  the  resenroir  becomes  too  hot,  a  temperature  controller,  on  the  center  panel 
will  shut  down  the  test  stand.  (7-6)  » 

27.  The  purpose  of  the  adapter  kits  is  to  adapt  the  test  stand  to  various  aircraft  systems.  (7-8) 

28.  To  apply  either  resistive  loads  or  reactive  loads  to  120-208  volt,  400-cps,  three-phase  ac  generator 
systems  under  test.  (8-1)  ^ 

29.  The  entire  electrical  power  required  to  operate  the  A-1  load  bank  is  provided  by  the  generator  under 
test  and  no  external  source  of  power  is  required.  (8-2) 

30.  The  A- 1  load  bank  provides  a  total  reactive  load  of  40  KVAR  with  a  maximum  of  1 3.3  KVAR  per 
phase.  (8-3)     -  ^  j 

31 .  The  A-1  load  bank  provides  a  total  resistive  load  of  60  kw  with  a  maximum  of  20  kw  per  phase.  (8-4) 

32.  The  ammeter  and  wattmeter  on  the  A- 1  load  bank  ^re  protected  from  overload  by  shorting  out  their 
respective  circuits.  Their  range  switches  must  be  placed  in  the  maximum  range  position  before  their 
shorting  circuits  are  removed.  (8-6,  8-7)  ^ 

33.  To  short  out  the  thermostats  when  the  temperature  fluctuates  and  cause  the  fans  to  operate  continuously 
(8-10)  .  ^ 

34. *   The  basic  requirements  for  testing  an  inverter  are  accomplished  by  measuring  the  input  voltage  and 

current  and  the  output  voltage,  current,  and  frequency.  (9-2)        ^  ^ 

35.  The  L-1 A  inverter  tester  requires  a  5  kw  dc  voltage  source.  (9-3) 

36.  The  volts/amps' switch  should  be  in  the  N  position.  (9-5)  ^ 
.  37.    Malfunction  in  component  operation.  (10-2)  *  / 

38.    The  /unction  or  functions  that  the  component  is  required  to  perform  when  installed  in  a  complete 
system.  (10-3) 

CHAPTER  3 

1 .  A  generator  is  a  machine  that  changes  mechanical  energy  to  electrical  energy  through  electromagnetic 
induction.  (1  M) 

2.  Relative  motion  is  the  tWrd  factor  needed.  (1 1-2) 

3 .  The  armature  contains  the  secondary  circuit.  ( 1 1  -4) 
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4.  The  commutator  changes  ac  to  do  which  is  dejivered  to  the  generator  terminals.  ( 1  M) 

5.  A  self-exfcited  generator  is  one  that  ptovides  its  own  exciting  current  by  the  use  of  residual  magnetism. 
(11-6)   ^  - 

6.  Three  types  of  generators  according  to  armature  and  field  relationship  are  series-wound,  shunt-wound. 
and  compound-wound.  ( 1 1'7) 

7.  It  has  a  fluctuating  voltage  output.  (11-8) 

8.  The  shunt-wound  generator  has  its  field  coils  connected  in  parallel  with^the  armature.  (11-9) 

9.  The  series  field  is  in  series  with  the  load  and  the  shunt  field  is  parallel  to  the  load.  (11-11) 

10.  Armature  reactance  is  the  bending  and  distorting  of  the  normal  flux  pattern  within  the  generator  as 
a  result  of  the  effect  of  the  armature  magnetic  field  on  the  magnetic  field  produced  by  the  generator 
field  coUs.  (11-13) 

1 1 .  Four  means  of  counteracting  field  distortion  are  the  use  of  interpoles,  slotted  pole  pieces,  laminated 
pole  tips,  and  compensating  windings.  (11-14-17) 

12.  The  interpole  windings  are  connect);d  in  series  with  the  armature.  (1  M4) 

1 3.  The  slotted  pole  pieces  increase  thl||pluctance  of  the  magnetic  circuit  for  the  armature  magnetic 
field.  (11-1 5) 

14.  The  laminated  pole  tips  prevent  the  concentration  of  magnetic  flux  at  the  pole  tips.'(l  M6) 

15.  The  compensating  windings  are  connected  in  series  with  the  armature.  (1 1-17) 

16.  A  normally  operating  commutator  is  chocolate  brown.  (1 1-22)  \ 

1 7.  Too  much  pres^upe  causes  excessive  brush  wear  and  too  little  pressure  results  m  jumping  brushesA 
poor  output,  and  the  possibility  of  burning  the  commutator,  (1 1-23)  ^ 

18.  A  properly  seated  brush  will  have  a  minunum  of  100  percent  contact  across  the  thickness  and  70 
percent  contact  across  the  width  of  the  brush.  ( 1 1-27) 

19.  New  brushes  can  be  seated  by  using  a  stnp  of  Nr.  000  or  Nr.  0000  sandpaper  the  width  of  the  commutator 
(11-29) 

20  The  test  light  will  light  when  connected  between  the  commutator  and  the  armature  shaft  ( 1 1-30) 

21.  It  indicates  a  short  circuit  in  the  armature  or  the  commutator.  (1 1-33) 

22.  The  test  lamp  will  light  if  there  is  a  grounded  circuit.  ( 1 1-35) 

23.  No  spark  when  two  adjacent  commutator  segments  are  shorted  together  ( 1 1-36) 

24.  The  regulator  maintains  a  constant  output  voltage  under  varying  load  conditions  (12-4) 

25.  The  most  common  method  is  a  carbon-pile  type  regt   tcr,  (12-4) 

26.  Current  How  through  the  field  coils  would  increase,  (12-7) 

27.  Effective  range  of  regulation  is  26  to  30  volts.  (12-11) 

28.  The  stabilizing  resistor  circuit  prevents  arcing  between  the  discs  of  the  carbon  pile,  ( 1 2-i  3) 

29.  Any  component  should  be  at  its  normal  operating  temperature  before  adjustments  arc  made  (12-15) 

30.  Because  the  RCR  operates  on  the  difference  between  generator  and  bus  voltage.  (12-19) 
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3!     The  revcrsccurrent  relay  operates  as  a  remotely  controlled  switch  to  provide  control  over  the  system, 
and  It  will  automatically  open  and  close  the  generator  output  circuit  to  the  bus  as  the  voltage  output 
ofthe  generator  varies.  (12-21) 

32.  The  M.2  field  control  relay  opens  along  with  the  overvoltage  relay.  ( 1 2  23) 

33.  The  trip  relay  and  the  reset  relay  are  located  in  the  field  control  relay.  (12-24) 

34.  The  essential  units  are  the  RCR,  the  voltage  regulator,  the  overvoltage  relay,  and  the  field  control 
relay.  (13-4) 

35.  Initial  power  provides  trip  power  in  the  event  of  an  overvoltage  condition,  and  applies  a  positive  dc 
potential  to  the  generator  field.  (13-7) 

36.  Field  current  flow  is  controlled  by  the  carbon  stack  of  the  voltage  regulator.  (13-10) 

37.  The  M-2  field*control  may  be  reset  by  the  generator  switch  or  manually  by  a  reset  button  on  the  relay 
Itself.  (13-11) 

38.  The  overvoltage  relay  closes  at  approximately  32.5  volt^.  (13-12) 

39.  The  equalizer  circuit  operates  if  there  is  a  difference  in  potential  between  D  Terminals.  ( 1 3-1 6) 

40.  FiFst  you  should  lower  the  voltage  of  the  generator  providing  the  greatest  amount  of  current  fiow. 
.  \(13.19) 

41.  Qieck  the  system  with  another  voltmeter  to  determine  if  the  cockpit  voltmeter  is  correct  m  its 
zero  reading.  (14-9) 

42.  The  cockpit  voltmeter  would  read  residual  voltage.  (14-10) 

43.  Lead  "a"  is  open.  (14-28) 

44.  The  generator  field  is  open.  (14-28) 

45.  There  is  an  open  in  "b"  lead.  (14-28) 

46.  Lead  "a"  has  a  loose  connection  or  high  resistance.  ( 14-28) 

47.  Lead  "B"  or  **b"  is  grounded.  (14-28) 
^4Sr~ThTfreld  is. slTOTted-oi-grounded  inside  o(^the-generaloi4^ 

49.  There  is  an  open  in  "B"  lead.  (14-28) 

50.  Lead  "E"  is  open.  (14-28) 

5 1 .  Defective  switch  or  voltmeter  circuit.  (14*28) 

52.  Leads  "A"  and  **B"  are  shorted  inside  of  the  generator.  (14-28) 

CHAPTER  4 

^      1 .    The  transformer  in  the  50.ampere  unit  has  a  delta  corinected  secondary,  and  the  lOO-ampere  unit 
has  a  wye-delta  connected  secondary.  ( 1 5-3) 

2.  The  T-R  unit  weuid  fair  in  a  short  time  without  cooling  air  fiowing  over  the  T-R  stack.  ( 1 5-4) 

3.  It  is  cooled Ijy  convection.  (15-7) 

4    The  output  voltage  increases.  ( 1 5-9) 

5 .    Not  less  than  26  volts  nor  higher  than  3 1  volts.  (1 6-5) 
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Output  should  be  between  28.2  and-30.9  volts.  (CRE  Table  2)  ' 

7.  Yes;  If  only  one  T-R  starts,  the  bus  tie  relay  becomes  energized  through  the  contacts  of  the  deenergized 
T.Rrelay.C  17-2-6;  Fig.  49) 

8.  When  either  of  the  T-R  relays  is  in  the  deenergized  position  and  power  is  available  to  energize  the 
relay.  (17-2-6;  Fig.  49)  ^ 

9.  The  battery  switch  must  be  turned  on,  and  there  must  be  no  power  present  at  the  T-R  bus.  ( 1 7-2-6; 
^   Fig.  50)  >  — 

CHAPTER  5 

,9Hzf=i^  =  ii^=  19H2.(18-5) 
60  60 

2.i  Reactive  (kvar)  and  real  (kw)  loads.  ( 1 8-8) 

3.  The  mechanical  lagmakes  it  lend  to  slow  down.  (18-13) 

4.  Voltage  regulator.  (18-15) 

5.  Constant-frequency  generator.  ( 18-19) 

6.  Generators  must  be  of  the  same  design;  termhul  voltages  must  be  equal;  frequency  must  be  equal; 
_    -voltages  must  be  in  phase;and  phase  rotation  must  be  alike.  (18-19) 

7.  To  improve  th«  reliability  and  power  capabilities  of  the  system.  (18-19) 

8.  AC  generators  are  rated  in  kva*s  at  a  specified  frequency  and  power  factor.  (18-24) 
9-  They  provide  an  even  distribution  of  the  field  flux.  (18-27) 

10.  Only  kw  (real  loads)  can  be  connected  to  a  variable  frequency  generator.  (18-34) 

11.  The  two  types  of  ac  generators  m  general  use  are  the  brush  type  and  the  brushless  type,  either  of  which 
may  be  air  cooled  or  oil  cooled.  ( 18-38) 

12.  It  provides  excitation  for  the  exciter  field,  power  to  operate  the  generator,  and  a  source  of  power 
for  the  voltage  regulator.  (18-43) 

13.  With  blast  air  or  engine  oil  under  pressure.  (18-46) 

14.  By  a  constant-speed  drive  unit.  (18-56) 

15.  When  the  input  speed  to  the  drive  is  greater  than  the  required  output  speed.  (19-7) 

16.  Overdrive.  Underdrivc.  (19-7.  8) 

17.  When  the  input  speed  to  the  drive  is  less  than  the  required  output  speed.  (19-8) .  , 
•  18.    When  the  input  speed  to  the  drive  is  the  same  as  the  required  output  speed.  (19-9) 

19.  To  control  the  drive  output  speed  and  thereby  the  generator  frequency,  and  to  equalize  the  load 
between  paralleled  gcftierators.  (19-1 1)  .  * 

20.  395  Hertz  per  second.  (19-14) 

21.  Mechanically  by  a  pCcfe^n  frequency-control  motor  geared  to  the  metering  piston;  and  magnetically, 
by  trim  coils  soldered  to  tl5l  flyweights.  In  both  cases,  the  signals  are  furnished  by  the. frequency- 
and'load  controller  unit.  (19-15.  16)  * 
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22.  The  limit  governor  places  the  drive  in  a  full  underdnve  condition  and  removes  the  affected  generator 
from  service  in  case  of  an  underspeed'or  overspeed  condition.  (19-18) 

23.  To  prevent  an  overrunning  or  motorized  generator  from  damaging  the  drive.  ( 1 9-22) 

24.  The  frequericy-and-load  controller.  (20'3)  ~ 

25.  During  isolated  generator  operation,  the  frequency-and-load  controller  maintains  constant  generaior 
frequency.  During  parallel  operation,  the7requency-and-load  controller  performs  the  additional 
function  of  maintaining  an  equal  real-load  division  between  generators.  (20-3, 4) 

26.  By  a  network  of  current  transformers.  (20-4) 

27.  To  the  frequency  control  on  the  drive,  (20-4) 

28.  It  senses  the  phase  angle  bet>yeen  the  reference  frequency  and  the  generator  frequency  and  provides  a 
proportional  signal.  (207) 

29.  On  the  principle  of  a  saturable  reactor.  (20 1 2) 

30..   '^Generator  error"  is  the  resultant  value  of  magnetic  flux  of  the  reference  signal  and  the  sepsing 
signal  and  is  used  to  control  the  first-stage  output  of  a  mag-amp  voltage  regulator.  (20-13) 

31.  It  is  the  power  stage  to  the  exciter  field.  (20-14) 

32.  To  oppose  any  change  in  exciter  output  voltage  due  to  transient  load  conditions.  (20- 1 5) 

33.  The  voltage  regulator.  (20-1^) 

34.  There  will  be  a  decreasing  system  voltage  as  load  is  applied  to  the  generator.  (20-25) 

35.  The  generator  control  felay.  (20-34) 

36.  The  lockout  relay.  (20-36) 

37.  The  underexcitation  relay.  (20-40) 

38.  The  overexcitation-underexpitation  circuit.  (20-40) 

39.  The  OE-UE  loop  circuit  functions  only  when  the  generators  are  paralleled  together.  (20-42) 

40.  The  bus  tie  breakers  connect  the  load  buses  to  the  synchronizing  bus.  (21-5) 

41.  When  the  generator  control  relayxloses,  the  exciter  field  circuit  is  established,  control  power  is 
connected  to  the  generator  breaker  switch  when  the  drive  is  up  to  speed,  the  generator  failure  light 
is  turned  off,  and  the  relay  trip  coil  circuit  is  armed.  (21-7) 

42.  By  placing  the  generator  breaker  svi(itch  closed,  with  the  auto  parallel  control  relay  deenergized,  ar>d 
the  external  power  breaker  open.  (21-8) 

43.  The  bus  tie  breakers  are  opened  and  the  generator  breakers  are  closed.  (21-10) 

44.  By  an  underspeed  switch  on  the  generator  drive.  (21-13) 

45.  The  main  external  power  receptacle  provides  for  connecting  external  power  to  the  aircraft  and  a  load 
bank  to  the  central  tie  bus.  (21-20) 

46.  ■  Anytime  a  central  tie  bus  fault  occurs.  (21-24) 

47.  The  phase  sequence  relay.  (21-27) 

48.  Through  pin  F  of  the  external  power  receptacle  which  is  grounded  at  the  load  bank.  (21-31) 
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49.  The  logical  steps  required  to  identify  and  remedy  systems  malfunctions  are: 

(1)  Define  the  problem. 
C  (2)  Investigate  thejiroblem. 

(3)  Evaluate  thffindings. 

(4)  DetermineW  exact  cause. 

(5)  Repair  or  rem«4y. 
(21-36)  ^        _     _  . 

50.  By  performing  a  complete  and  thorough  operational  check  of  the  affected  system  and  then  making  a 
written  list  of  possible  troubles.  (21-39) 

51.  It  makes  you  less  likely  to  forget  any  ofthe  possible  causes,  and  it  helps  point  out  any  causes  that 
are  illogical.  (2140) 

52.  Before  removing  the  component  for  a  bench  check,  disconnect  the  connector  and  use  an  appropriate 
meter  to  test  for  problems  such  as  a  short.  (2 1-44) 

53.  Defective  frequency-and-load  control  units  or  the  generator  drive  governor  system.  (21-51) 

54.  The  voltage  output  will  increase  when  the  throttle  is  advanced  and  decrease  when  the  throttle  is 
retarded.  (21-54) 

55.  Lower  than  normal  voltage  output  from  the  generator.  (21-54) 

56.  An  open  in  the  reactive  load  equalizing  circuit.  (21-55) 

57.  Loss  of  the  reference  circuit  to  the  regulator.  (21-55) 

58.  A  defective  or  maladjusted  voltage  regulator.  (21-56) 

CHAPTER  6 

1 .  Motor  action  is  a  force  excited  on  a  current-carrying  conductor  placed  in  a  magnetic  field.  (22-3,  4) 

2.  The  factors  that  control  torque  are  the  strength  of  the  magnetic  field  and  armature  current.  (22-5) 

3.  When  the  armature  in  a  motor  rotates  in  a  magnetic  field,  a  voltage  is  induced  in  its  windings.  The 
^  voltage  IS  opposite  in  direction  to  the  applied  voltage.  (22-6-8)  ^ 

4     In  a  series  motor,  the  field  and  armature  are  connected  in  such  a  way  that  the  current  m  the  field 
also  flows  in  the  armature.  (22-10) 

5.  A  shunt  motor  has  the  best  speed  control,  as  it  varies  very  little  (22-14) 

6.  The  series  field  provides  good  starting  torque  while  the  shunt  field  provides  the  Speed  control. 
(22.15-17) 

7     Heat.  (22-18) 

8.    The  speed  depends  on  the  amount  of  current  which  flows  through  the  rheostat  m  series  with  the  field 
windings  as  shown  in  figure  70,  A.  An  increase  in  the  value  of  resistance  will  cause  less  current  to 
flow  through  the  field  which  in  turn  will  decrease  the  field  strength.  A  decrease  in  field  strength  will 
cause  a  decrease  in  CEMF.  The  end  result  is  an  increase  in  armature  current-flow  and  torque,  The 
opposite  IS  true  when  current  is  increased  in  the  fi^jd  circuit  because  of  less  resistance  in  the- circuit^-. 
(22-23,  24) 

9     All  that  IS  needed  to  complete  the  circuit  is  a  switch  and  wiring.^The  jeverse  current  provisioos  arb 
mside  the  motor  housing  that  is  needed  to  direct  current  flow  in  two  directions  through  the  motor. 
(22-27-29) 


43 


432 


10.  The  three  classes  of  induction  motors  arc:  single-phase,  two-phase,  and  three-phase.  (23-1) 

1 !.  The  speed  of  and  induction  motor  is  determined  by  number  of  poles  and  the  supply  voltage.  (23-4) 

12.  High  starting  torque.  (23-7) 

13.  A  squirrel-cage  rotor  is  used  in  induction  motors.  (23-5,  8) 

14.  An  induction  motor  operates  on  the  principle  of  a  rotating  magnetic  field.  (23-9) 

15.  Slip  is  the  difference  between  the  rotating  magnetic  field  and  rotor  speeds.  The  more  load  that  is 
placed  on  the  rotor,  the  more  the  slip  between  the  rotor  and  rotating  magnetic  field  increases.  (23-1 1) 

16.  The  synchronous  speed  of  all  induction  motors  is  the  speed  at  which  the  magnetic  field  rotates.  (23-1 2) 

17.  Combinations  of  inductance,  capacitance  and  resistance  can  be  used  to  split  the  phase  of  the  motor 
winding.  (23-16) 

18.  A  single-phase  induction  motor  is  self-starting  because  the  capacitor  causes  the  currents  in  two  windings- 
starting  and  ninning-to  differ  in  phase  by  approximately  90"*.  (23-21) 

19.  A  centrifugal  device  (switch  in  most  cases)  is  used  to  disconnect  the  starting  winding  from  the  circuit 
when  the  motor  gets  up  to  speed.  (23-23) 

20.  A  three-phase  induction  motor  may  be  reversed  by  reversing  arvy  two  power  leads.  (23-33) 

21.  A  three-phase  induction  motor.will  run  on  only  two  phases.  (23-34) 

22.  The  speed  of  the  rotating  magnetic  field.  The  speed  of  the  rotor  and  magnetic  field  are  locked  together 
and  remain  the  same.  (23-35, 36) 

23.  A  rotary  inverter  consists  of  a  dc  motor  and  an  ac  generator  contained  within  the  same  housing  (24-i) 

24.  The  output  frequency  range  for  inverters  is  375  to  425  Hz.  (24-3) 

25.  All  inverters  take  dc  power  from  the  motor  terminals  for  excitation  of  the  field  because  rectified 
current  has  a  certain  amount  of  ripple  which  would  adversely  affect  the  inverter  output.  (24-14) 

26.  The  changeover  relay.  (24-23) 

27.  The  six  basic  circuits  are: 

/        a  Oscillator  circuit 

b.  Voltage  sensing  circuit 

c.  Voltage  reference  circuit  * 

d.  Voltage  driver  circuit 

e.  Push-pull  output  circuit 

/  Resonant  output  tank  circuit.  (25-2) 

28.  To  produce  a  constant  400-Hz  signal.  (25-3) 

29.  A  sinusoidal  ac  signal  and  a  dc  reference  signal.  (25-4) 

30.  The  voltage  sensing  circuit.  (25-8) 

31.  The  vohage  sensing  circuit  and  voltage  refere(ice  circuit.  (25-1 1) 

32.  Its  a  scries  of  positive  and  negative  square  pulses.  (25- 1 2) 

33.  The  pulse  width  of  the  output  signal  will  be  reduced.  (25-18) 

34.  The  magnitude  of  the  output  signal  will  increase.  (25-19) 
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Multiple  Choice 
Chapter  1 

1.  (200)  The  total  effective  plate  area  in  a  lead-acid  cell  determines  the 

*  a.  ampere-hour  capacity.  c.  internal  resistance, 

b.  closed-circuit  voltage.  d.  open-circuit  voltage. 

2.  (200)  When  accidently  splashed  by  electrolyte,  your  first  step  should  be  to 

a.  call  a  doctor.  c.  thoroughly  wash  the  area  with  water. 

*   b.  neutralize  the  electrolyte  with  boric  acid.       jd.  neutralize  the  electrolyte  with  baking  soda. 

3.  (200)  IVhen  mixing  electrolyte  for  lead-acid  batteries,  the  repairman  should 

a.  mix  it  in  a  galvanized  container.  '        c.  pour  the  water  into  the  acid. 

b.  pour  the  acid  into  the  water.  d.  heat  the  acid  for  a  better  mix. 

4.  (200)  The  correct  water  level  of  a  lead-acid  cell  is  normally  established  by  f 

a.  a  hydrometer.  c.  a  metal  ruler, 

b.  calculation.  d-  a  self-leveling  syringe. 

5.  (200  Just  prior  to  performinjg  a  capacity  test  of  a  lead-acid  battery,  it  should  be 

a.  completely  discharged.,  c.  low  in  specific  gravity. 

b.  overcharged  for  2  hours.  •  d.  allowed  to  stand  for  72  hours. 

6.  (203)  After  filling  a  silver-zinc  battery  with  electrolyte,  it 

a.  may  be  put  into  service  inmiediately.  c.  should  be  allowed  to  stand  for  72  hours. 

b.  should  be  placed  on  charge  immediately.         d.  requires  additional  servicing  after  a  72-hour  period. 

7.  (200)  The  first  step  in  the  preparation  of  a  lead-acid  battery  for  charging  is  to 

a.  add  water  to  the  full  level.  c.  clean  the  outside  of  the  case. 

b.  add  electrolyte  to  fill  the  ceU.  d.  check  the  electrolyte  Icyel. 

"ir^  (202)  The  proper  electrolyte  level  of  a  nickel-cadmium  battery  is 

a.  not  affected  by  internal  conditions^  c.  1/4  inch  below  the  plates. 

b.  3/8  inch  above  the  top  of  the  plates.  d.  even  with  the  top  of  the  plates. 

9.  (203)  Before  you  place  a  new  or  used  silver-zinc  battery  on  charge,  you  should  inspect  the  battery  for 

a.  corrosion.  /  c-  loose  connections. 

b.  damaged  cells.  ^      ^  d.  all  of  the  above. 

10.  (201)  The  charging  rate  for  a.l7-ampere-hour  battery,  a  34-ampere-hour  battery,  and  a  68 -ampere-hour 
battery  connected  in  series  should  not  exceed  / 

a-.  1.7  amperes.  c.  4  amperes, 

b.  3.4  amperes.  6.8  amperes. 

1 1 .  (201)  Batteries  that  fail  the  capacity  test  must  not  be  used  in 

a .  battery  carts.  c .  ground  power  equipment. 

b.  testing  devices.  shop  maintenance  work. 


yd.  water  must  be  added  to  the  battery. 


(201)  When  two  successive  readings  show  no  ilicrcase  in  specific  gravity, 

a.  remove  the  battery  from  the  charger.         \  c.  the  charging  rate  should  be  increased. 

b.  the  charging  rate  should  be  decreased. 

(201)  A  capacity  test  is  performed  on  a  lead*acid  battery  to  determine  the 

a.  battery's  internal  condition.  c\pecific  gravity  of  the  electrolyte 

b.  charging  rate  of  the  battery.        '  d.  ^cific  gravity  of  the  battery. 

(200)  Hie  state  of  charge  of  a  lead-acid  battery  is  best  )^termined  with  a  ♦ 

a.  voltmeter.  c.  hy^pmeter. 

b.  hydrometer.  d.  capac^ity  tester. 

(202)  A  recommended  neutralizing  agent  for  the  electrolyte\used  in  nickel-cadmium  batteries  is 

a.  boric  acid.  c.  sulpherlcacid. 

b.  baking  soda.        )  "  d.  potassiuVi  hydroxide. 

16.    (203)  When  charging  a  silver-zinc  battery,  the  constant-potentll  meth 


12. 


13. 


14. 


15. 


a.  recommended. 

b.  never  used. 


hod  is 

c.  an  emergcr^cy  method. 

d.  the  only  method  authorized. 


17.    (202)  The  state  of  charge  of  a  nickel-cadmium  battery  is  determined  by 


a.  a  hydrometer. 

b.  the  charging  current. 


.  \ 

c.  a  capacity  te^er. 

d.  closed-circuit  terminal  voltage. 


18.    (203)  The  state  of  charge  of  a  silver-zinc  battery  is  determined  by  checking  the 


a.  charging  current. 

b.  specific  gravity  of  each  cell. 


c .  closed-circuit  voltage  of  each  cell. 

d.  open-circuit*  voltage  of  each  cell. 


19. 


(203)  When  a  silver-zmc  battery  is  installed  in  an  aircraft,  the  dc  system  must  be  accurately  adjusted  to 
limit  the  voltage  at  the  battery  terminal  to  a  maximum  of 

a.  18  volts.  c.  26  volts. 

b.  24  volts.  .  d.  28  volts. 


Chapter  2 


20.    (205)  Variable  dc  voltage  for  the  T-35  tester  has  a  range  from 


a.  0  to  26  volts. 

b.  0  to  30  volts. 


c.  0  to'45  volts- 

d.  0  to  6b  volts. 


!l.    (206)  What  use  IS  made  of  the  1600-cycle  output  of  the* acelectrorfic  generator  of  the  T- 170  tester 

a.  It  provides-a  signal  for  parallel  operation. 

b.  It  simulates  a  system  with  a>permenent  magnet  generator. 

c.  It,  provides  a  signal  for  testing  the  auto  par'alkling  unit. 

d.  It  simulates  a  system  using  a  frequency  Reference  unit. 
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22.  (206)  In  the  power  amplifiers  of  the  T- 1 70  test  set ,  what  class  of  operation  are  the  power^fiode^  operated 
^t  when  their  output  is  over  60  w^ts? 

a.  Class  A.  c.  Class C. 

b.  Class  AB.  d.  Class  D. 

23.  (205)  When  manually  adjusting  the  frequencyof  the  ac  generat<jjj  on  the  T-35  tester  within  0.1  Hz,  the 
.  frequency  must  be  between 

a.  310  and  440  Hz.  c.  390  and  410  Hz. 

b.  395  and  405  Hz.  d.  380  and  420  Hz. 

24.  (206)  Therecorder  unit  supplied  with  the  T-170  tester  is  uiod  when  testing  the 

a.  .  A-l  exciter  regulator.  c.  frequcncy-and-load  controller. 

b.  generator  conlrol  panel.  '  d.  voltage  regulator. 

25.  (205)  Generator  control  panels  should  be  checked  for  serviceability  on  the 

a.  'a '2  test  stand.  '  c.  T-35  tester. 

b.  T-31  test  set.  •  d.  T-1.70  test  set. 

26.  (2p7)  TJie  purpose  of  the  S-hp  motor  in  the  MC-2  test  stand  is  to 

a.  disengage  the  brake.  c.  control  (ITe  75-lip  motor  speed. 

b.  start 'the  prime  mover.  d.  operate  the  stand  with  small  loadl 


27.  (209)  Any  time  a  unit  has  been  overhauled  or  is  suspected  of  a  malfunction,  both  before  and  after  repair, 
it  should 

a.  be  ready  for  installation  on  the  using  unit. 

b.  have  a  complete  functional  test  before  it  is  declared  serviceable. 

q.  have  a  functional  te|t  in  the  area  that  is  affected  by  the  maintenance  performed, 

d.  not  be  functionally  tested  because  maintenance  performed  by  the  TO  is  always  correct. 

28.  (204)  Dc  generators  may  be  tested  at  varying  speeds  and  under  varying  loads  on  the 

a.  A.2  test  stand.  c.  T-35  tester\ 

b.  T-31  test  set.  d.  T-170  test  set. 

29.  (208)  What  is  the  maximum  load  per  phase  provided  by  the  A-l  load  bankT    -  , 

a.  13.3  KVAR.  c.  30  KVAR, 

b.  26.6  KVAR.  "  d.  40  KVAR. 

to 

30.  (207)  To  test  the  constant-speed  drive  and  the  generator,  the  jepairman  should  use  the 

a.  MC-2.  c.  T-31.       -  . 

b.  PSM-6.  •       d.  T-170. 

3 1 .  (209)  Which  of  the  following  test  stands  will  test  a  2500-volt-ampere  mverter?  , 


4j 


.A-l.  c.  L-IA. 

A-2.  '  .  .  d.  M02. 


32.    (204)  Dc  control  panels  may  be  tested  on  the 

a.  A.2  test  stand.  c.  T.35  tester.  ) 

b.  T.31  test  set.  d.  T-170  test  set. 


33.  (206)  The  operation  of  the  individual  power  supplies  on  the  T-170  test  set  is  controlled  by  the 

a.  card  switch.  c.  power  distributjon  unit. 

•  b.  control  panel  under  test.  d.  digital  instrumentation  system. 

34.  (208)  The  maximum  resistive  and  reactive  loads  that  can  be  provided  by  the  A-I  load  bank  are 

a.  ^30  kw  and  20  KVAR.  ,  c.  60  kw  and  20  KVAR. 

b.  30  kw  and  40  KVAR.  d.  60  kw  and  40  KVAR. 

35.  (209)  The  inverter  test  stand  referred  to  in  the  text  will  test 

a.  sm'gle-phase  inverters  only,  c.  single-  and  three-phase  inverters." 

b.  three-ph^se  inverters  only.  d.  all  mverters^and  rectifiers. 

36.  (204)  When  a  dc  generatof  is  being  tested  on  an  unmodified  A-2  test  stand,  how  is  its  output  voltage 
controlled? 

a.  By  a  0-  to  lO-ampere  rheostat.  "       c.  With  a  carbon-pde  regulator. 

h(.  By  a  0-  to  25-ampere  rheos^f  t.  \^   d.  By  a  voltage  regulator. 

37.  (206)  An  instrument  that  is  useful  for  bench  testing  a  static  voltage  regulator  is  the 

a.  A-I  test  stand.        ^  c.  T-35  tester.  ^ 

b.  C-I  test  stand.  d.  T-170  tester.  , 

3H,    ( 2t)6)  Functional  tcstmg  of  various  ac  power-generating  system  components  may  be  accomplished  with 
the  use  of  an  adapted 

a.  A-2  test  stand.  c.  T-35  tester. 

b.  T-31  test  set.  d.  T-176  test  set. 

39.  (208)  The  ammeter  on  the  A-1  load  bank  is  protected  from  damage  by 

a.  a  50-MV  shunt.  '  c.  opening  the  ammeter  circuit. 

b.  current  transformers.         *  d.  shorting  the  amrheter  circuit.  ^ 

40.  (206)  The  card  switch  used  with  the  T-170  tester  sets  up  the 

a  programmer  and  relay  control  center  to  test  the  component. 

b.  frequency  of  the  ac  electronic  generator. 

c.  recorder  unit  to  test  the  component. 

d.  voltage  from  the  variable  supply. 

Chapter  3 

41 .  (210)  The  unregulated  terminal  voltage  of  a  shunt-type  generator  vanes  inversely  with  its 

a.  speed.  *  c.  field  strength. 

load.  *     *  ^    d.  load,  speed,  and  field  st;ength. 

42.  (210)  The  use  of  laminated  pole  tips  in  the  manufacture  of  generators  tends  to 

a.  decrease  the  reluctance  of  the  pole  tips. 

b.  increase  the  permeability  of  the  pole  tips. 

c.  increase  the  retentivity  of  the  pole  pieces. 

d.  decrease  the  concentration  of  flux  at  the  pole  tips. 
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43.  (212)  The  primary  purpose  of  the  overvohage  relay  is  to  ^ 

a.  turn  on  the  warning  light.  c.  close  the  reverses-current  relay. 

b.  trip  the  field  control  relay.  d.  open  the  field  to  the  generator. 

Note  to  Student.  For  the  next  3  items,  refer  to  figure  42  of  the  text. 
V 

44.  (215)  If  you  received  a  writeuport  AF  Form  781  that  the  aircraft  voltmeter  showed  8  volts,  you  should 
take  the  necessary  ohmmeter  readings  at  the.voltage  regulator  base.  If  these  readings  are  30  5  uhms  from 
A  to  B,  0.5  ohm  from  B  to  ground,  and  30  ohms  from  A  to  ground ,  the  trouble  would  most  !ikel>  be  a 

a.  grounded  "A"  lead.  c.  defective  voltage  regulator, 

"b.  high  resistance  in  the  field.  d.  tripped  field  control  relay. 

45     (215)  With  the  engine  running  at  cruising  rpm.the  aircraft  voltmeter  mdicates  0  volts.  With  the  engine 
stopped  and  the  regulator  removed,  an  ohmmeter  check  from  A  to  ground  on  the  base  reads  infinity,  from 
B  to  ground  infinity,  and  from  B  to  A  3,5  ohms.  A  possible  cause  of  trouble  is  an  open 

a.  *'b"  lead.  c.  "voltmeter"  lead. 

b.  "E**  lead.  d.  ground  on  the  regulator. 

46.  (215)  In  a  standard  24-volt  generator  system,  the  normal  armature  resistance'is  1/2  ohm  and  the  resistance 
of  the  field  is  3  ohms.  If,  with  the  regulator  removed  from  the  base,  an  ohmmeter  connected  from  B  to  A 
reads  3  ohms,  from' A  to  ground  3  ohms,  and  from  B  to  groundO  ohms,  a  possible  cause  of  trouble  is 

a.  an  open  "a"  lead.  c.  a  grounded  "B"  lead. 

b.  an  open  "B"  lead.  d.  a  shorted  "B"  to  "a"  lead. 

r 

47.  (213)  The  component  in  the  generator  control  system  that  can  be  manually  closed  is  the 

a.  overvoltage  relay.  c.  differential  relay. 

b.  voltage  regulator.  d.'  field  control  relay. 

48.  (210)  What  feature  of  a  generator  compensates  for  armature  reaction  by  weakening  the  flux  produced  , 
by  the  armature  current?  ^  *  ^ 

a.  Shunt  field.  c.  Slotted  pole  pieces. 

b.  Series  field.  •  d.  Plasticized  pole  t^ps. '  '  '  ♦ 

49.  (214)  Flashing  the  field  of  a  dc  generator  may  be  used  h 

a.  correct  field  polarity.  c.  destroy  residual  magnetism. 

b.  increase  field  resistance.  d.  reverse  the  current  to  the  RCR. 

50.  (212)  One  function  ofa  differential-type  relay  is  to 

a.  connect  the  generator  to  the  distribution  system  when  generator  voltage  is  higher  than  bus  voltage 

b.  disconnect  the  battery  from  the  distribution  system  when  battery  voltage  is  lower  than  bus  voltage 

c.  connect  the  battery  to  the  distribution  system  wJhen  battery  voltage  is  lower  than  bus  voltage 

d.  disconnect  the  generator  from  the  disttibution  system  when  generator  voltage  is  higher  than  bus  voltage 

51.  (212)  The  bimetallic  compensating  ring  in  the  carbon-pile  voltage  regulator  compensates  for  an  increase 
in  temperature  by 

a.  increasmg  the  pressure  on  the  carbon  stock.      c.  decreasing  the  pressure  on  the  adjustable  core 

b.  decreasing  the  pressure  on  the  carbon  stock,     d.  increasmg  the  pressure  on  the  adjustable  core 
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52.  (210)  The  interpole  windings  m  a  generator  are 

•  r  a.  adjustable  for  varying  loads.  c.  connected  in  parallel  with  the  armature. 

(  b.  used  to  reduce  armature  reaction.  d.  used  to  increase  the  emf  of  self-induction. 

53.  (2*13)  In  a  multi-generator  system,  load  division  is  performed  by  the  equalizing  resistor  and  the 

a.  diffcreniiaUelay.  c.  voltage  regulator.  . 

.     .  b.  field  control  relay.  ■  d.  reverse<urrent  relay. 

\'  '  ' 

54.  (212)^  Resistance  varies  inversely  witW  temperature  in 

a.  steel.  ,  c.  silver. 

b.  brass.  ^-  carbon. 

55.  (210)  Which  of  the  following  types  of  generators  always  has  an  output  voltage  which  increases  as  the  load 
increases?  '  '       ,  » 

a.  Series-wound.  c.  Flat-compound. 

b.  Shunt-wound.  '  d.  Separately  excited. 

56.  ( 2 1 4)  If  an  aircraft  voltmeter  connected  from  B  to  ground  reads  between  1  and  2  volts  with  the  engine 
running  at  cruising  rpm,  there  is  likely  to  be  a  fault  in  the 

a.  field  circuit.  ,  c.  voltmeter  circuit. 

b.  ammeter  circuit.  '  /        d.  equalizing  circuit. 

.  57.    (211)  Which  of  the  following  is  often  used  to  test  a  dc  generator  armature  for  an  6pen  circuit'' 

a.  Test  lamp.  c.  Voltmeter. 

b.  Growler.  High-pot  tester. 

^58.    (212)  If  the  fixed  resistor  in  the  voltage  coil  circuit  of  a  carbon-pile  regulator  should  open,  the  generator 
^  output  voltage  would  be  .       V  . 

a.  low^because  the  carbon  stock  resistance  would  be  at  minimum.- 

b.  low  because  the  carbon  stock  resistance  would  be  at  maximum, 

c .  excessive  because  the  carbon  stock  resistance  would  be  at  minimum. 
'  d.  ej^cessive  because  the  carbon^stock  resistance  would  be  at^'maximum. 

59.  (2 12)  When  the  red  warning  light^in  a  generator  warning  system>is  illuminated,  it  indicates  that  the  field 

control        »        '  '     .     >  ' 

,  • 

a.  reset  relay  has  been  energized  and  the  generator  field  is  complete. 
*    b.  rjset  relay  has  been  energized  and  the  generator  field  is  open.        .  - 

c.  rWp  rl^lay  lias  been  energized  and  the  generator  field,  is  cprnplete. 

d.  trip. relay  has  been  energized  and  the  generator  filed  is  open. 

60.  (214)  If  a  3c  generatpr  system  has  a  high  uncontrollable  output  whether  or  not  the  voltage  regualtor  is  m 
'  the  circuit,  a  possible  cause  of  the  trouble  Ts  *  ^ 

a.  an  open  voltage  coil..  c.  an  open  in  the  fieldcircuit 

\  ^    .      ,       *  b^a  shorted  shunt  field'coil.  ^  d.  a  shorted  field  circuit  B  to  A. 

61 .  (211)  Which  of  the  following  is  b^st  for  rerfioving  mmor  |3urnt  spots  on  a  generator  commutator'' 

a.  Crocus  cloth.   •  c.  Sandpaper.     •  * 

b.  Emery  paper.  •     A  fine  file.  < 
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62.  (214)  With  the  engine  running  at  cruising  rpm,  the  aircraft  voltmeter  indicates  zero  voltage  Which  of  the 
following  IS  the  most  likely  cause?  ^  ^ 

a .  A  dirty  commutator.  c .  A  short  between  **A'*  and  "B." 

b  An  open  **g"  lead.  d.  A  short  between  *'a"  and  **b." 

Chapter  4 

63.  (217)  A  transformef-ncctifier  unit  is  usc;d  to  provide  dc  power 

a.  to  the  emergency  debus. 

b.  for  ground  operations  only. 

c.  when  the  aircraft  primary  power  source  is  ac.  t 

d.  when  two  or  more  inverters  are  operating  in  parallel. 

64.  (218)  For  what  purpose  would  a  repairman  short  the  four  input  terminals  of  a  transformer-rectifier  unit 
together  and  the  two  output  terminals  together? 

a.  To  determine  the  voltage  drop  across  the  reetifiers. 

b.  To  determine  the  inverse  voltage  across  the  diodes. 

c.  To  perform  an  insulation  breakdown  test. 

d.  To  perform  a  voltage  regulation  test. 

65.  (217)  An  important  item  of  preflight  inspection  m  regard  to  installed  transformer-rectifier  units  is  the 

a.  polarity  of  the  output  power.  c.  correct  input  power.  -        <  • 

b.  proper  paralleling  of  the  units.  d.  direction  of  airflow. 

66.  (213)  A  battery  charging  transformer-rectifier  unit  is  capable  of  producing  its  highest  output  voltage  at  a 
load  of 

a.  0  amperes.  c.  25  amperes. 

b.  10  amperes.    '  d.  100  amperes.  ,  , 

67.  (217)  In  the  battery  charging  transformer-rectifier  unit  discussed  in  the  text, 

a.  both  control  windings  are  in  series  with  the  load. 

b.  CW2  IS  used  to  bias  CWl  and  minimize  circulating  currents. 

c.  the  output  voltage  is  minimum  When  the  cores  are  saturated. 

d.  the  output  voltage  is  maximum  when  the  cores  are  saturated. 

Chapter  5 

68.  (221 )  The  output  voltage  of  the  type  B-1  variable-frequency  ac  generator  is  controlled  by  the 

a.  rocker  ring.  c.  exciter  regulator. 

b.  voltage  regulator.  d.  transformer-rectifier. 

69.  (222)  Which  of  the  following  is  a  must  during  the  repair  and  testing  of  aircraft  generators'^ 

a.  The  use  of  technical  orders.  c.  The  manufacturer's  descriptive  literature. 

b.  A  sufficient  manpower  pool.  d.  Available  replacement  parts  and  subassemblies. 

70.  (220)  The  output  frequency  of  an  ac  generator  is  determined  by  the 
^.  number  of  armature  conductors.  c.  speed  and  direction  of  generator  rotation.  ) 
<).  strength  of  the  magnetic  field.  d.  speed  of  coil  rotation  and  number  of  field  poles 
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71.  (226)  What  function  do  the  mmual  reactors  perform  when  a  generator  goes  tnto  an  overvoUagc  condition 
during  parallel  Operation? 

a.  They  boost  the  voltage  sensed  from  the  underexcited  generators. 

b.  They  decrease  the  vohage  sensed  from  the  overexcited  generators. 

c.  They  boost  the  voltage  sensed  from  the  overexcited  generators. 

d.  They  have  no  effect  on  the  voltage  scnse'd  from' the  underexcited  generators. 

72.  (229)  According  to  systematic  troubleshooting  procedures,  writing  down  the  possible  troubles  is  a 
methodical  way  of 

a .  defining  the  problem.        *  ^  c.  investigating  the  problem. 

b.  evaluating  the  findings.  "  d.  determining  the  exact  cause. 

73.  (221)  In  what  general  speed  range  do  variable-frequency  generators  operate*^ 

a .  390  to  420  rpm.  c .  3000  to  9000  rpm. 

b.  800  to  1000  rpm.  d.  3800  to  10,000  rpm. 

# 

74.  (224)  The  auto  parallel  unit  will  operate  only  if  the  generators>to  be  paralleled  are 

w 

a.  slightly  out  of  phase.       ^  c.  more  than  6  Hz  apart. 

b.  synchronized  in  phase.  d.  more  than  8  Hz  apart. 

•  1^  " 

75.  (225)  The  openmg  voltage'of  the  starting  relay  in  the  mag-amp  voltage  regulator  discussed  in  the  text  is 
approximately 

*  '  *         •  < 

a.  95  volts  phase-to-ground.  c.  185  volts  phasc-to-ground. 

b.  125  volts  phase-to-phasc.  d.  195  volts  phase-to-phase. 

76.  (223)  The  sprag-type  clutch  in  the  constant-speed  drive  (CSD)  functions  to  allow  the 

a.  generator  to  turn  slower  than  the  CSD  output  shaft. 

b.  generator  to  turn  faster  than  the  CSD-o*Ui)ut  shaft.  v 

c.  aircraft  engine  to  turn  faster  than  the  CSD  input  shaft. 

d.  aircraft  engine  to  turn  slower  than  the  CSD  input  shaft. 

77.  (220)  How  many  poles  would  you  expect  to  find  in  an  ac  generator  operating  at  4800  rpm  and  a  frequency 
of400Hz'> 

a.  6  poles.  c.  10  poles. 

b.  8  poles.  d.  12  poles. 

78.  (223)  It  IS  a  function  of  the  limit  governor  on  a  constant-speed  drive  to  *^ 

a.  detect  an  ovcrspeed  or  underspeed  condition  and  to  operate  the  pressure  switch. 

b.  control  the  speed  of  the  drive  by  changing  the  angle  of  the  pump  wobbler 

c.  establish  a  basic  reference  frequency  of  395  Hertz  from  any  armature  speed. 

d.  control  the  speed  of  the  drive  by  changing  the  angle  of  the  motor  wobbler. 

79.  (227)  In  the  multi-generator  system  using  a  constant-speed  drive,  during  normal  engine  shutdown,  the 
generator  breaker  will  be  tripped  by  the 

a.  lockout  relay.  ,c.  generator  switch. 

^       b.  exciter  switch.  d.  underspeed  switch. 
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80.  (225)  During  parallel  operation  of  an  ac  generator  system,  one  generator  is  carrying  an  excessiVc  amount 
ofKVAR  load.  A  malfunction  in  which  system  component  would  most  likely  cause  this? 

a .  Constant-speed  drive.  c.  ^Eltciter  control  relay. 

b.  Voltage  regulator.  d.  Frwjuency-and-load  controller. 

81 .  (226)  Protection  against  generator  overvoltage  during  parallel  operation  is  provided  by  the 

a .  voltage  regulator.  c.  overexcitation  relay. 

b.  overvoltage  relay.  d.  exciter  protection  relay. 

82.  (227)  When  a  load  bank  is  used  to  perfonm  an  operational  check  of  the  ac  power  system,  it  is  connected 
to  the  aircraft 

a.  directly  to  the  central  bus.  c.  through  the  generator  quick-disconnect. 

b.  directly  to  the  generator  bus.^  d.  through  the  external  power  system. 

83.  (229)  According  to  the  text,  the  first  step  in  troubleshooting  an  electrical  system  is  to 

a .  mvestigate  the  problem.  c .  evaluate  the  findings. 

b.  defiae  the  problem.  d.  determine  the  exact  cause. 

84.  (224)  When  generators  are  connected  in  parallel,  the  kw  load  is  divided  equally  by  the 

a.  voltage  regulator.  •  ^c.  generator  protection  unit. 

b.  constant-speed. drive.  d.  frequency-and-load  controller. 

85.  (220)  An  increase  in  the  KVAR  load  of  an  ac  generator^requires  a  corresponding  change  in 

a.  frequency.  c.  excitation. 

b.  horsepower.         ^  d.  power  factor. 

86.  (222)  What  is  the  purpose  of  the  commutating  diode  installed  in  the  rear  end  bell  of  a  brushless  ac 
I ^  generator? 

a.  Reduce  negative  voltage  spikes.  c.  Rectify  PMG  output  to  the  control  panel. 

b.  Suppress  rectifier  peak  inverse  voltage.  d.  Rectify  the  ac  voltage  to  the  generator  field. 

87.  (228)  Paralleling  of  an  aircraft  generator  and  the  external  power  generator  is  prevented  by  the 

a.  disarm  relay.  ^  c.  lockout  relay. 

b.  interlock  relay.  '  d.  generator  control  relay. 

88.  (220)  Increasing  the  resistive  load  on  a  const  ant -frequency  ac  generator  requires  an  increase  in  the 

a .  speed  of  th^  generator.  c .  torque  output  of  the  drive  unit. 

b.  exciter-generator  output.  d.  voltage  output  of  the  generator.^ 

89.  (227)  During  load  bank  operation,  pin  F  of  the  external  power  receptacle  provides 

a.  a  ground  for  the  disarm  relay. 

b.  a  ground  Cor  the  interlock  relay. 

c.  dc  power  for  lockout  relay  operation. 

d.  dc  power  for  operation  of  the  external  power  circuit  breaker  relay. 


54 


90.  (223)  The  pumping  action  of  the  wobbler  pump  in  a  constant-speed  drive  unit  is  at  minimum  when 

a.  it  IS  in  an  overdrive  condition.  c .  it  is  in  straight-through  condition. 

b.  It  IS  in  an  underdrive  condition.  d.  the  aircraft  engine  is  in  the  minimum  speed  range. 

91 .  (227)  The  phase  sequence  relay  in  the  multi-generator  external  power  system  controls  the  external  power 

a.  disarm  relay.  c.  lockout  relay. 

^  '     b.  control  relay.  d.  interlock  relay. 

92.  (222)  One  of  the  characteristics  of  wye-connected  ac  generators  is  that  they  have 

a.  three  available  voltages.  c.  three  windings  connected  in  parallel. 

b.  three  windings  connected  in  series.  d.  single-phase  and  three-phase  voltages  available. 

93.  (225)  The  boost  current  transformers,used  with  a  mag-amp  voltage  regulator 

a.  increase  the  regulator  maximum  output'limit. 

b.  Iimil  the  regulator  input  to  the  first  stage  only. 

c.  limit  the  regulator  input  during  all  load  conditions. 

d.  decrease  the  regulator  output  during  short  circuit  conditions. 

94.  (220)  VVhen  a  leading  power  factor  load  on  an  ac  generator  is  increased,  the 

a  exciter  output  will  decrease.  c .  terminal  voltage  will  decrease. 

b.  field  current  will  increase.  d.  torque  output  of  the  drive  will  increa^ 

95.  (226)  The  unit  in  an  ac  power  system  that  protects  the  generator  in  case  the  current  How  in  two  leads  of 
the  same  phase  is  not  equal  is  the 

a.  overexcitation  relay.  c.  differential  fauh  relay. 

b.  underexcitation  relay.  d.  exciter  protection  relay. 
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223)*  In  the  linear-type  constant-speed  drive  discussed  m  thctext,  when  the  displacement  of  the  pump  is 
greater  than  the  displacement  of  the  motor,  in  what  condition  is  the  drive? 

.  Motorized.  c.  Underdrive. 

^b.  Overdrive.  d.  Straight-through. 


97.  (227)  What  component  in  the  generator  control  system  must  be  closed  before  there  can  be  any  generator 
output? 

a.  Bus  tie  breaker.  c.  The  auto  paralleling  relay. 

b.  The  generator  breaker.-  d.  The  generator  control  relay. 

98.  (225)  Loss  of  the  sensing  signal  (57  vdc)  in  the  mag-amp  voltage  regulator  will  cause 

a.  system  voltage  to  go  to  maximum.  c.  the  regulator  output  to  go  to  zero. 

b.  system  voltage  to  go  to  100  volts.  d.  the  regulator  input  to  go  to  maximum. 

99.  (223)  A  constant-speed  drive  cannot  be  placed  back  into  operation  during  flight  if  it  has  shut  down  due 
to  an 

a.  un^erspeed  condition.  c.  underdrive  condition. 

b.  overspeed  condition.  d.  overdrive  condition. 
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100.  (226)  A  paralleled  generator  is  automatically  placed  in  isolated  operation  through  the  operatiun  t)f  the  ^ 

a.  lockout  relay.  c.  generator  control  relay. 

b,  undervoltage  relay.  d.  differential  fault  relay. 

Chapter  6  ^ 

101.  (230)  To  do  a  job  which  requires  a  constant-speed  motor  that  need  not  have  a  high  starting  torque,  what 
type  of  motor  would  you  select? 

a.  Shunt  motor.  c.  Compound  motor. 

b.  Series  motor.  d.  Continuous  duty  motor. 

102.  (233)  A  synchronous  motor  differs  from  an  induction  motor  in  that  in  the  synchronous  motur 

a .  ac  current  is  supplied  to  the  rotor. ' 

b.  dc  current  is  supplied  to  the  stator  windings. 

c.  rotor  speed  is  usually  less  than  the  rotating  field. 

d.  the  rotor  turns  at  the  same  speed  as  the  rotating  field. 

103.  (230)  Which  of  the  following  will  result  if  the  power  leads  are  reversed  while  a  dc  series-wound  mutor  is 
in  operation? 

a .  The  field  will  burn  out. 

b.  The  armature  will  bum  out. 

c.  The  motor  will  turn  in  the  opposite  direction. 

d.  The  armature  will  continue  to  rotate  in  the  same  direction. 

104.  (234)  The  resistance  of  the  flyweight  controlled  carbon. pile  used  on  inverters  IS  dependent  on       ^  ^ 

a.  frequency  of  input.  c.  the  flyweight  material. 

b.  type  of  carbon  used.  d.  pressure  and  temperature. 

105.  (231)  The  rotor  circuit  in  a  squirrel  cage  motor  is  supplied  with  current  through 

a.  mutual  induction.  c.  self-induction. 

b.  the  rotor  shaft.  d.  counter-electromotive  force. 

106.  (230)  What  change  takes  place  in  the  field  flux  and  the  armature  speed  as  the  load  is  removed  from  a 
series  motor?  ^ 

a .  They  both  increase.  c .  They  increase  and  decrease,  respectively. 

b.  They  both  decrease.  d.  They  decrease  and  increase,  respectively. 

107.  (235)  A  change  in  the  inverter  output  voltage  is  normally  detected  by  the  ^ 

a.  oscillator  circuit.  c.  voltage  driver  circuit. 

b.  voltage  sensing  circuit.  d.  voltage  reference  circuiU 

108.  (231)  The  current  in  the  rotor  of  a  single-phase  induction  motor  is  produced  by 

a.  exciters.  c.  a  commutator. 

b.  sliprings.  d.  mutual  induction. 


109.  (230)  Motor  action  will  result  when  a  conductor  is  placed  in  a  magnetic  field  if  the 

a.  conductor  is  carrying  current.  c.  magnetic  field  is^produced  by  permanent  magnets. 

b.  magnetic  field  is  parallel  to  the  conductor.       d.  conductor  is  under  the  geometric  center  of  the  pole 
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no.  (230)  If  the  voltage  applied  tu  a  motor  is  220  volts  and  the  counter-cmf  is  200  volts,  what  will  be  the 
current  through  an  armature  whose  resistance  is  4  ohms? 

J  0  05  ampere.  5  amperes, 

h  0  5  ampere.  '        ^1.  50  amperes. 

111.  1 23 1 )  In  comparmg  a  three-phase  squirrel  cage  induction  motor  with  a  transformer,  it  could  be  said  that 
ihe  rotor  is  comparable  to  the 

J  pnmarv  of  a  step-up  transformer.  c.  secondary  of  a  step-up  transformer, 

b.  prmiar'y  of  a  step^lown  transformer.  d.  secondary  of  a  step-down  transformer, 

112.  (230)  Usually,  the  field  magnets  of  a  dc  motor  are 

a.  electromagnets.  c.  made  of  laminated  steel. 

b.  permanent  magnets.  <i.  solid  cylindrical-shaped  magnets. 

113.  (230)  Which  of  the  followmg  would  be  the  most  practical  method  of  increasing  the  speed  of  a 
shunt-wound  motor?  ^ 

a   Decreasing  the  number  of  wmdings  in  the  shunt  field. 

b,  Decreasmg  the  resistance  in  seh^s  with  the  shunt  field. 

c.  Increasing  the  resistance  in  series  with  the  shunt  field. 

d  Increasing  the  resistance  in  series  with  the  armature  windings. 

114  (230)  Assuming  a  constant  field  flux,  what  is  the  effect  of  an  increase  m  motor  armature  speed  on  the 
counter-emf  and  the  armature  current? 

j   Both  forces  decrease.  c  The  forces  decrease  and  increase,  respectively. 

b.  Both  forces  increase.  d.  The  forces  increase  and  decrease,  respectively. 

115  ( 235 1  The  output  signal  from  the  push-pull  output  circuit  of  the  static  inverter  is  dependent  upon  the 

a   input  pulses.  c.  output  of  Q7. 

'b  input  toQ8.  '  •  'd.  output  of  T3.  - 

(231*  When  a  dc  motor  is  compared  with  a  simple  induction  motor,  it  should  be  noted  that  the 

a  brushes  of  both  motors  are  shorted. 

b'  former  has  a  commutator,  whereas  the  latter  has^liprings. 

c .  former  has  a^  stationary  magnetic  field;.the  latter  has  a  rotating  magnetic  field. 

d.  former  uses  a  shaded  pole;  the  latter  uses  a  split  field  for  reversing. 

1  r  (231 )  In  an  induction  motor,  if  the  number  of  pairs  of  poles  is  divided  by  two  and  the  frequency  of  the 
^       applied  voltage  is  doubled,  ^he  synchronous  speed  is 

a.  unaffected.  c .  multiplied  by  two. 

b.  divided  by  four.  d.  multiplied  by  four. 

MS  ( 232)  A  capacitor-start  motor  which  is  to  operate  continuously  for  a  considerable  length  of  time  may 
require  a  V., 

a  centrifugal  switch.  c .  long-lasting  dc  generator. 

b.  vast  amount  of  stored  dc  higher  voltage  than  a  resistance-start  type. 
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1 19.  (231)  The  speed  of  a  three-phase  squirrel  cage  motor  can  be  varied  by  changing  the  nunnber  of  poles  \i\  ^ 


the  staiorand  the 

a.  phasc*winding  connections.  c.  amplitude  of  the  applied  voltage. 

b.  resistance  in  the  rotor  circuit.        \  d.  frequency  of  the  applied  voltage. 


120.  (233)  One  difference  between  single-gmse  and  three-phase  ac  motors  is  that 

a.  single-phase  motors  have  1  greater  torque  potential. 

b.  three-phase  motors  must  have  some  type  of  starting  aid. 

c.  single-phase  motors  must  have  some  type  of  startfng  aid. 

d.  single-phase  motors  will  operate  faster  than  three-phase  motors. 

121.  (234)  In  most  inverters,  a  voltage  regulator  controls  the 

a.  current  through  the  armature.  c.  current  through  the  generator  field. 

b.  current  through  the  motor  field.  d.  output  voltage  by  controlling  the  frequency. 

122.  (234)  The  frequency  of  the  rotary  inverter  that  incorporates  the  voltage  regulator  circuit  can  be  adjusted 
by  adjusting  the 

a.  voltage  regulator.  c.  voltage  applied  to  the  motor  shunt  field. 

b.  aircraft  dc  voltage.  d.  voltage  applied  to  the  motor  control  field, 

123.  (232)  The  degree  of  phase  shift  during  the  start  of  a  capacitive  start  motor  is  approximately 

a.  20\  c.  90^ 

b.  ^Je''.  •  d.  I20^ 

124.  (235)  The  reference  voltage  applied  to  the  input  of  the  voltage  driver  circuit  in  the  static  inverter  is 
established  by  the 

a.  oscillator  circuit.  c.  voltage  sensing  circuit. 

b.  voltage  reference  circuit.  d.  push-pull  output  circuit. 


i47 


ERIC 


58  - 


42351  03  0170  0371  ^ 

Course  42351 

Aircraft  Electrical  Repairman 

(AFSC  42350) 

Volume  3 
Aircraft  Control  and  Warning  Systems 


Extension  Course  Institute 

Air  University 


Preface 

THIS  IS  THE  final  volume  of  this  course.  In  many  ways  you  might  consider 
it  the  most  important  volume  in  the  course  because  it  deals  with  a  variety 
of  the  electrical  systems  you  are  required  to  mamtain.  In  this  volume  you  will 
be  able  to  apply  the  information  previously  learned  directly  to  a  system  com- 
ponent The  systems  used  here  arc  typical  systems  and  arc  not  to  be  considered 
for  a  specific  aircraft  ^ 

Chapter  1  discusses  landing  gear  systems.  Although,  most  landing  gcan  are 
hydrauUcally  operated,  they  have  been  included  for  good  reasons.  First,  most 
landing  gears  arc  electrically  controlled.  This  is  where  you,  the  aircraft  electrician, 
come  into  the  picture.  Second,  you  are  required  to  adjust  an  calibrate  the 
'  various  switches  and  actuators  in  the  system  so  that  the  gears  will  operate  in 
the  correct  sequence.  This  chapter  win  provide  you  the  necessary  informa- 
tion to  do  this.  '  ' 

A  great  deal  of  your  time  will  b|  spent  in  maintaining'  the  electrical  portions 
of  flight  control  systems,  warning  systems  andjuel  systems.  To  help  you  perform 
operational  checks,  troubleshooting,  and  thc^^ncqcssary  tpsting  of  the  compopents 
in  these  systems,  they  are  covcroi||^n  detail  in  Chapters  2,  3,  and  4. 

Your  duties  as  an  aircraft  electrician  will  also  include  working  on  engine 
starter  and  ignition  systems.  Chapter  5  discusses  reciprocating  engine 
starters  and  the  various  types  of  ^fuel-air  and  pneumaUq  starters  used  on  ]et 
engines.  Test  and  repair  of  these  components^  are  also  covered.  In  addition 
to  these  systems,  you  will  find  information  concerning  cowl-flap  system,  oil-cooler 
flap  actuator  system,  and  water  injection  system  circuits.  ^    ,  , 

In  the/nal  chapter  you' will  find  a  detailed  discussion  of  aircraft  lighting 
systems,  4oth  internal  and  extiJ^al.  The  final  portion  of  chapter  6  deals  with 
the  window  anti-icing  circuits. 
"-^Bound  in  the  back  of  this  volume  arc  6  schematics.  Whenever  yoa  are 
referred  to  one  of  these  figures  in  the, text,  please  turn  to  the  back  of  the 
volume  and  locate  that  figure. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of 
this  text,  or  recommendations  for  its  improvement,  send  them  to  Tech  Tng  Cen 
(TSOC),  Chanute  AFB,  Illinois  61868. 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of 
ECrs  instructional  aids  (Your  Key  to  Career  Development,  Study  Reference 
Guides,  Chapter  Review  Exercises,  Volume  Review  Exercise,  and  Course  Exami- 
nation), consult  your  education  officer,  training  officcj^or  NCO,  as  appropriate. 
If  he  can't  answer  your  questions,  send  them  to  ECI,  Guntcr  AFB,  Alabama 
36114,  preferably  on  ECI  Form  17,  Student  Request  for  Assistance. 

This  volume  is  valued  at  24  hours  (8  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of 
April  1970. 


m 


44tl 


Con  te  nts 

7 

Page 


Preface   ^   iii 

Chapter 

1  Landing  Gear  and  Associated  Systems    1 

2  FuGHT  Control  Electrical  Systems    15 

3  Warning  Orcuits   ;  ,^   21 

4  Fuel  Systems   39 

5  Power  Plant  and  Related  Control  Circuits    49 

6  Utility  Systems   71 

Bibliography    83 

i 


CHAPTER  1 


Landing  Gear  and  Associated  Systems 


AIRCRAFT  LANDING  gear  systems  arc 
fairly  complex  because  of  the  many  require- 
ments that  must  be  met.  For  example,  all  landing 
gear  systems  must  have  safety  circuits  to  pre- 
vent accidental  operation  of  the  gear  when  the^ 
aircraft  is  on  t,he  ground.  Landing  gear  systems 
must  also  have  a  warning  system  so  that  the 
pilot  docs  not  attempt  to  land  the  aircraft  with 
the  landing  gear  retracted.  Another  requirement 
is  that  the  landing  gear'  system  be  equipped  with 
an  indicating  system  to  show  the  pilot  the  posi- 
tion of  the  landing  gear,  i.e.,  up  and  locked, 
down  and  locked,  or  in  an  unsafe  position.  In 
addition,  most  landing  gear  systems  have  antiskid 
protective  devices  that  reduce  the  possibility  of  a 
blown  tire  during  landing.  ^ 

2.  What  docs  this  mean  to  you  as  aq^ircraft 
electrician?  Although  most  landing  gear  systems 
are  hydraulically  operated,  some  are  electrically 
controlled.  This  means  that  you  are  responsible 
for  maintaining  the  eleetrical  components  of  land- 
ing gear  systems.  You  must  be  able  to  trouble- 
shoot  the.  systems,  bench-test  the  components, 
and  make  adjustmenU  of  limit  switches  and  other 
components  as  necessary.  You  arc  also  required 
to  make  operational  dhecks  of  landing  gear  sys- 
tems. This  means  that  you  must  have  an  intimate 
knowledge  of  the  various  types  of  landing  gear 
systems. 

3.  Now  let  us  discuss  a  typical  heavy  aircraft 
landing  gear  system  and  Icam  how  each  control 
and  wamhig  circuit  contributes  to  the  safe  oper- 
ation Qf  the  landing  gear. 

1.  Heavy  Aircraft  Landing 
Gear .  System 

1-1.  The  typical  landing  gear  system  selected 
for  the  first  part*6{  this  discussion  is  a  tricycle 
.  landing  gear  system  consisting  of  two  four-wheel 
truck  mam  gears  and  a  steerable  dual-wheel  nose 
'gear.  The  gcgrs  are  hydraulically  operated  and 
controlled  simultaneously  from  a  single  control 
lever  located  on  the  pilot's  instrument  panel.  Each 


gear  is  hydraulically  and  mechanically  locked 
when  in  either  the  full  up  or  full  down  position.  - 
1-2.  The  landing  gear  circuits  consist  of  the 
landing  gear  lever  lock  circuit,  antiskid  system 
circuit,  nose  gear  centering  s\yitch,  main  gear, 
safety  switches,  m'ain  gear  truck  leveling  switches/ 
landing  gear  position  and  indicating  warning  sys- 
tem, landing  gear  throttle  warning  switches^dd 
door  lock  and  door  position  switches.  Tpese 
items  provide  the  necessary  controls  and  infor- 
mation for  accurate  monitoring  of  landing  gear 
conditions. 

1-3.  Now  we  shall  discuss  each  circuit  so  that 
you  can  see  how  each  part  of  the  system  func- 
tions. ^.    .  ^ 
1^.  Lanfling  Gear  Lever  Lock  Circuit.  The 
landing  gear  control  lever  is  locked  in  the  down 
position  to  prevent^  inadvertent  operation  of  the 
landing  gear  when 'the  aircraft  is  bn  the  ground 
and  to  prevent  retraction  of  the  gear  when  the 
nosewheel  gear  is  not  centered  or  when  either 
main  gear  truck  is  not  level.  As  shown  in  figure 
1,  a  spring-loaded  solenoid  releases  the  lock  on 
the  landing  gear  control  lever  when  conditions 
arc  safe  for  gear  operation.  When  condition^  arc 
safe  for  gear  operation,  the  locl^"  solenoid  is  ener- 
gized by  action  of  five  protective  switches  tied 
in  series  from  a  power  source  through  the  sole- 
noid to  ground.  Before  the  lock  solenoid  can 
energize,  the  following  switches  must  close:  (see 
fig.  1)  the  nose  centering  switch  (indicating 
aose  gear  is  centered);  main  gear  safety  (squat) 
switches  (indicating  weight  of  the  aircraft  is  off 
the  main  gear,  shock  struts  extended);  and  the 
main  gear  truck  leveling  switches  (indicating  that 
the  main  trucks  are  level  or'perpendiculat  to  the 
shock  strut).  An  override  trigger  on  the  control 
lever  permits  release  of  the  lever  lock  in  event 
the  solenoid  fails  to  operate. 

1-5.  Nose  landing  gear  centering  switch.  The 
nose  gear  centering  switch,  shown  in  figure  1,  is 
a  low-travel,  hermetically  sealed  microswitch  lo- 
cated to  contact  a^cam  rim,  with  centering  de- 
tent, on  the  steering  control  cable  drum  onder 
the  pilot's  floor.  The  switch  is  tied  in  series  with 
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U  Landing  gear  lever  lock  circuit 


the  main  gear  leveling  and  safety  switches  to  con- 
trol the  lever  lock  solenoid  and  prevent  gear  re- 
traction until  the  nose  gear  is  properly  centered. 
The  switch  is  closed  only  when  the  switch  actua- 
tor arm  \i  in  the  detent  of  the  pulldj^  cam  rim. 
Slotted  mou^iting  holes  in  the  switch ~ mounting 
bracket  provide  the  adjustment  to  obtain  the  re- 
quired position  *for  the  switch  actuation. 

1-6.'  Main  landing  gear  safety  switches.  The 
main,  gpar  safety  switches,  shown  in  figure  1, 
control  the  leVer  lock  solenoid  to  prevent  opera- 
tion-of  the  landing  gear  when  the  weight  6t  the 
aircraft  is  on  the  gear.  The  switch  for  each  main 
gear  is  ft  microswitch  which  is  positioned  by  the 
upper  to.rsion  liok  on  the  gear  assembly.  The  cir- 
cuit through  the  switch  is  closed  when  the  strut 
is  extended  and  opened  when  the  shock  strut  is 
compressed.  The  main  gear  safety  switch  mount- 
ings are  jig  located  and  the  actuating  linkage 
fixed  so  that  ^tfll  switches  do  not  require  any 
adjustment 

1-7.  Main  gear  trufk  leveling  switch.  The  two 
truck  leveling  switches  (one  on  each  main  gear) 
are  connected  in  series  with  the^two  main  gear 
safety  switches  and  the  nose  gear  centering  switch 
in  controlling,  the  control  lever  lock  to  prevent 
gear  retraction  when  the  gear  trucks  are  out  of 
level  (see  fig.  1).  The  leveling  switch  is  on  the# 
main  gear  truck  with  an  actuator  linkage  con- 
nected to  the  inner  cylinder  fork.  The  switch 
mounting  position  is  jig-located  so 'that  there  is' 
no  adjustment  required.  When  the  truck  is  out 
of  level  (not"^ perpendicular  to  shock  strut)  be- 
yond safe  limits  for  retraction,  the  switch  will  be 
op«n  to  prevent  the  landing  gear  control  lever 
from  unlocking.  * 


1-8.  Earlier  in  this  discussion  you  learned  that 
all  landing  gear  systems  must  include  a  means  of 
showing  ge^i^  position  and  a  warning  system  to 
inform  the  pilot  of  unsafe  gear  conditions. 

U9.  Landing  Gear  Position  and  Warning  Sys- 
tem.Figure  2  shows  a  schematic  of  the  position 
and^aming  system.  A  red  warning  light  in  the 
end  of  the  landing  gear  lever  and  a  warning  horn 
in  the  cockpit  are  provided  for  warning  of  unsafe* 
gear  conditions.  The  warning  light  will  illuminate 
at  any  time  the  landing  gear  lever  and  landing 
gear  position  are  out  of  phase.  The  light  is  turned 
on  by  the  landing  gear  lever  oosilion  switches 
when  .the  control  lever  is  placeo  in  me  up  or  dn 
position,  and«  it  will  remain  on  if  any  one  of  the 
landingf  gear  lock  switches  is  closed  '(yNLocKED 
position),  any  one  of  the  landing  gear  door  lock 
switches  IS  closed  (unlocked  position),  or  if 
dither  of  the  main  gear  door  position  switches  is 
in  the  door  open  position.  (See  Tig.  2.)  These 
,  switches  are  provided  with  adjustment  set- 
screw  which  is  meant  ior  factory  adjustment  only 
and  should  not  be  reset  in  the  field.  Operation 
of  the  warning  horn  is  controlled  through  throttle ' 
switches  and  warning  relays  so  that  the  horn  will 
sound  whenever  any  one  of  the  landing  gears  is 
in  any  position  other  th^n  down  and  locked  and 
any  one  of  the  throttle  controls  is  aft  of  the  mid- 
dle set  of  scribe  marks  located  on.  the  throttle 
quadrant.  This  is  thp  same  warning  horn  that 
is  actuated  by  the  spoiler  and  flap  warning 
switches.  The  warning  light  also  operates  in  con- 
junction with  the  horn  and  is  also  controlled  by 
the  throttle  switches  and  warning' relays. 

1-10.  Landing  gear  position  indicators.  Three 
position  indicators,  shown  in  figure  2,  show  the 
position  of  each  landing  gear.  Each  indicator  is 
controlled  by  a  position-indicating  switch  and 
lock  switch  located  within  the  wheel  well  of  the 
respective  landing  gear.  When  the  landing  gear 
is  up  and  locked,  the  indicator  reads  up.  When 
the  gear  is  intransit  and  until  the  gear  reaches  the 
full  up  or  down-and-locked  position,  the  indica- 
tor shows  diagonal  stripes.  With  the  gear  down 
and  locked,  the  indicator  shows  a  landing  wheel. 
The  indicators  are  magnetic  type  indicators, 
spring-loaded  to  the  power  off,  or  intermediate 
position  (diagonal  stripes). 

I  "IL  Control  level  position  switches.  (See  fig. 
2.)  Two  microswitches  actuated  by  the  landing 
gear  control  lever  are  connected  to  turn  on  the 
^vaming  light  when  the  landing  gear  control  lever 
js  moved^from  the  full  up  or  dn  position.  The 
switches  are  mounted  forward  of  the  landing 
gear  control  lever  so  that  the  applicable  switch  is 
actuated  only  when  the  landing  gear  control 
lever  is  in  the  up  or  dn  detent  of  the  lever  lock 
plate.  The  lower  switch  provides  a  ground  to  the 
warning  light  through  the  warning  relay  contact 
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Figure  2.  Landing  gear  position  and  warning  system. 
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(fig.  2)  with  the  lever  in  the  ON  position;  and 
with  the  lever  in  the  up  position,  a  ground  is 
provided  by  the  upper  switch  through  the  warn- 
ing relay  contact.  Proper  actuation  of  the  switches 
is  accomplished  by  adjustment  slots  in  the  switch 
supporting  brackets. 

1-12.  Landing  gear  throttle  warning  switch.  A 
microswitch  for  each  throttle  provides  for  throttle 
position  control  of  the  Ending  gear  warning  light 
and  warning  horn.  An  actuating  cam  on  each 
throttle* cable  is  arranged  so  that actuates  the 
switch  when  the  throttle  is  retarded.  On  a  land- 
ing approach,  during  i^hich  any  one  of  the  land- 
ing gear  position  or  lock  switches  remains  open, 
the  respective  landing  gear  warning  refay  remains 
deenergized.  Retarding  one  or  more  of  the  throt- 
tles past  the  middle  sel  of  scribe  marks  on  the 
throttle  quadrant  closer  the  landing  gear  throttle 
switch,  providmg-^Tground  which  causes  the 
warning  light  and  warning  h.om  to  become  ener- 
gized until  all  gears  are  fully  down  and  locked.  A 
mechanical  cutout  button  (net  shown)  is  pro- 
vided for  horn  cutout.  Pushing  the  button  me- 
chanically opens  the  throttle  switches  to  deenej- 
gize  the  horn.  Advancing  the  throttle,  or  throttles, 
again  resets  the  warning  horn  throttle  switches^ 
Slotted  holes  in  the  switch  support  assembly  pro- 
vide a  means  for  switch  adjustinent. 

1-13.  Landing  gear  warning  relays,  (See  fig. 
2.)  The  main  landing  gear  wamfng  relays  (one 
for  each  gear)  arc  two-pole,  double- throw,  her- 
metically sealed  relays  controlled  by  t|ie  main 
landing  gear  ()osition-indicating  and  locking 
switches.  The^lose  gear  warning  relay  U  a  four- 
pole;  double-throw,  hermetically  sealed  relay  that 
is  controlled  by  the  nose  landing  gear  position- 
indicating  and  locking  switches.  All  relays  are 
energized  to  open  the  warning  bom  circuit  and 
a  part  of  the  warning  light  circuit  when  the  re- 
spective landing  gears  are  in  the  fully  down- 
and-locked  position.  All  landing  gear  warning 
relays  must  be  energized  to  avoid  warning  horn 
operation  when  the  thrdttles  are  retarded. 

1-14.  Landing  gear  position  indicating  switches. 
The  two  main  landing  gears  and  the  nosc^ 
landing  gear  are  provided  with  position- 
indicating  switches,  tied  in  series  with  a  landing 
gear  lock  switch,  to  transfer  the  lock  control  be- 
tween the  up  and  down  indicator  circuits.  In  the 
GEAR  LOCKED  position,  the  lock  switch  provides 
a  ground  to  the  position  indicators  through  the 
position  switch  (see  fig.  2).  The  switches  for  the 
main  gear  are  actuated^  by  the  main  gear  lock 
mechanism  as  the  side  strut  roller  contacts  the 
actuator  arm.  The  nose  gear  position  switch  is 
actuated  by  a  linkage  attached  to  the  nose  gear 
drag  brace.  ^  % 

1-15.  Landing  gear  lock  switches.  The  landing 
gear  lock  switches  are  microswttches  mechani- 


cally linked  to  the  lock  mechanism  of  each  gear. 
The  switches  provide  the  ground  necessary  for 
position  indicator  operation,  through  the  gear 
position  switch,  when  the  gear  is  locked.  As 
shown  in  figure  ^,  when  any  gear  is  in  the 
UNLOCKED  or  in  the  transit  position,  the  ground 
is  removed  from  the  position  indicators  and 
transferred  to  the  warning  light  circuit  until  the 
gear  is  up  and  locked  or  down  and  locked. 
The  main  gear  lock  switches  are  on  the  forward 
side  of  the  aft  wall  in  the  strut  portion  of  the 
main  gear  wheel  well  while  the  nose^  gear  lock 
switch  is  on  the  nose  gear  drag  brace  directly 
below  the  nose  gear  ppsilion  switch.  The  main 
J^ar  lock  switch  is  actuated  by  movement  of  the 
lock  plate  as  the  side  strut  roller  enters  the  lock 
pUte  detent.  The  nose  gear  lock  switch  is  actu- 
ated by  the  nose  gear  drag  brace  knuckle. 

1-16.  Door  lock  switches.  Each  landing  gear 
wheel  well  door  has  a  lock  switch  that  is  in  the 
circuit  with  the  door  position  and  the  gear  lock 
switches  to  control  operation  of  the  landing  gear 
warning  light  in  the  control  handle.  The  circuit 
through  the  door  ,  lock  switch  is  opened  only 
when  the  door  is  fully  closed  and  the  do.or  lock 
is  actuated,  as  shown  in  figure  2.  The  main  gear 
door  lock  switches  are  attached  to  the  upper  end 
of  their  respective  door  actuator  and  are  oper- 
ated by  the  actuator  door-lock  rod.^  The  nose  gear 
door  lock  switch  is  on  a  bracket  at  the  forward 
end  of  the  nose  wheel  well  and  is  actuated  by  a 
linkage  of  the  door  lock.  The  main  gear  door 
lock  switch  requires  adjustment,  but  the  nose 
gear  door  lock  switch  is  jig-located. 

1-17.  Door  position  switches.  As  shown  in 
figure  2,  only  the  main  gear  wheel  well  doors 
have  a  position  switch.  The  circuit  is  closed 
through  the  normally  closed  switch  contacts  to 
the  warning  light  whenever  the  doors  are  open. 
The  switches  are  hermetically  sealed  micro- 
switches  mounted  on  the  keel  beam  near  the 
forward  end  of  the  wheel  well.  The  switches  are 
'actuated  by  the  wiping  action  of  the  door  walk- 
ing beam  at  the  door  closed  position.  No 
adjustment  is  required  on  the  door  position 
switches,  since  the  mounting  is  jig-located. 

1^-18.  Now  that  you  are  familiar  with  the  posi- 
tion and  warning  system  for  a  typica^  landing 
gear  system,  we  may  turn  our  attention  to  an 
antiskid  control  system. 

1-19.  Antiskid  Control  Circuit  The  antiskid 
control  circuit  is  controlled  by  a  guarded  anti- 
skid switch  on  the  instrument  panel.  The  anti- 
skid system  consists  of  a  skid  detector  on  each 
wheePand  an  antiskid  control  shield  and  dual 
antiskid  solenoid,  valve  for  each  gear."  Operation 
of  the.  antiskid  solenoid  control  circuits  is  com- 
pletely automatic.  The  only  action  required  of  the 
pilot,  after  placing  the  antiskid  switcti  in  the  ON 
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position  and  the  landing  gear'  control  lever  in 
GEAR  DOWN  position  (while  the  aircraft  is  still 
airborne),  is  to  depress  the  rudder  pedals  to 
meter  hydraulic  pressure  to  the  brakes.  The  skid 
detector  sends  an  electrical  signal  through  the 
antiskid  shield  controls  to  the  solenoid  valves 
which  relieve  brake  system  pressure  when  a 
wheel-skidding  condition  is  detected.  As  the  skid 
detector  contacts  close,  the  solenoid  valve  is 
energized  and  shuts  off  hydraulic  brake  pressure 
to  the  affected  wheel. 

1-20.  Skid  detector  The  skid  detector  i§  a 
flywheel  type  inertia  mechanism  that  can  detect 
loss  or  recovery  of  synchronous  main  landing 


gear  Wheel  speeds.  The  detector  is  shown  in  fig- 
ure 3.  The  purpose  of  the  detector  is  to  provide 
an  electrical  signal  to  the  solenoid-operated  anti- 
skid valve  which  relieves  brake  system  pressure 
when  a  wheel  skidding  condition  is  detected..  The 
detector  is  sealed  within  a  case  and  mounted  co- 
axially  on  the  outboard  side  of  each  main  landing 
gear  wheel.  A  shaft  driven  by  a  drive  arm  at- 
tached to  the  torque  plate  extends  through  the 
center  of  the  detector  and  rotates  with  the  wheel. 
The  detector  flywheel  is  mounted  concentrically 
with  and  is  driven  by  the  shaft  -through  a  spring- 
loaded  ball  clutch.  If  the  aircraft  wheel  speed 
decelerates  relative  to  the  flywheel  speed,  the 


MOUNTING 
lOlT 

(3  HACISI 


TOtOUE  flATE 


SKIO  OETECTOi 
MOUNTING  FIATE 


WHEEl  DETAINER  NUT 


SUFPOJIT  SFACEt 
(3  flACESl  ^ 


423  X1-  7 


Figure  3.  Skid  detector. 
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detector  skid  contacts  close.  This  action  ener- 
gizes the  antiskid  valve,  which  releases  brake  sys- 
tem hydraulic  pressure  and  prevents  the  skid. 
This  permits  the  landing  gear  wheel  to  accelerate 
relative  to  the  flywheel.  If  a  skid  continues  until 
a  wheel  locks,  the  V  relay  for  that  wheel  will  be 
deenergized.  This  provides  a  ground  at  pin  D  of 
the  antiskid  control  shield  for  the  W  relay  through 
the  V  relay  contacts  (shown  in  fig.  4)  of  the 

.  other  wheel  as  long  as  that  relay  is  energized. 
This  action  energizes  the  antiskid  solenoid  valve 
for  the  locked  wheel,  shutting  off  hydraulic  pres- 
sure to  the  brake.  When  the  locked  wheel  signal 
ends,  the  timc^elay  period  of  the  W  relay  will  be 
increased  by  the  discharge  capacitor  (throudi  the 
scries  resist^)  that  is  connected  in  parallel  with 
the  W  relay  coil.  Thus  the  whfcl  will  have  to 
reach  nonskid  speed  before  brake  pressure  may 
be  applied  again.  The  flywheel  cliya|torque  and 

'  inertia  characteristics  are  such  th^^PI^  flywjieel 
can  decelerate  at  a  rate  slightly^less 'than  the 
wheel  during  maximum  braking. 

1-21.  Antiskid  control  shields.  The  functidp 
of  the  antiskid  control  shields  in  conjunction  with 
the  skid  detectors  and  antiskid  solenoid  valves 

*  may  be  traced  by  referring  to  figure  4  and  the 
following  example  of  a  typical  approach  and 
landing  roll.  While  the  aircraft  is  still  airborne,  the 
ANTISKID  power  switch  is  guarded  in  the  on  posi- 
tion, and  the  landing  gear  control  lever  is  placed 
in  the  gear  ix>\vn  position.  Power  is  then  di- 
rected through  the  switches  to  the  antiskid  con- 
trol shield  for  each  main  gear.  While  airborne, 
with  the  main  gear  shock  struts  fully  extended, 
the  squat  switch  relays  should  energize.  This  ac- 
tion completes  the  ground  circuit  for  the  W  relays 
through  the  normally  closed  contacts  of  the  V 
relays  and  the  normally  open  contacts  on  the 
squat  switch  relays.  As  long  as  the  W  relays  are 
energized,  power  is  supplied  to  the  antiskid  sole- 
noid valves-.  With  the  antiskid  valves  energized, 
hydraulic  pressure  is  blocked  from  the  brakes, 
even  though  the  rudder  pedals  are  depressed. 
When  the--whcels  touch  down  and  turn  at  a 
speed  corresponding  to  8  mph  or  more,  the  com- 
Oiutators  in  the  skid  detectors  turn.  The  pulsei? 

,  of  current  energize  the  V  relays,  .which  break 
the.  ground  circuits  of  the  W  relays.  A  delay  of 
1.00  (::i:^0.25)  second  in  the  W  relay  dropout 
prevents  application  of  hydraulic  pressj^rC  through 
the  antiskid  solenoid, valve  until  tho^heel  turns 
at  a  speed*  corresponding  to -that  ot  the  aircraft. 
If  the  wheel  decelerates  too  rapidly,  as  in  a  skid, 
the  skid  contacts  close  in  the  skidtSdetector,  pro- 
#     .  viding  a  skid  signal  in  the  fortii  of  a  ground  for 

the  W  relay.  Power  then  energizes  the  antiskid 
solenoid  valve,  cutting  off  hydraufic  pressure  to 
the  brake  of  that  wheel.  At  the  end  of  a  skid 
signal,  the  W  relay  should  drop  out  after  a  0.10 
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(±  0.5)-  second  delay  and  remove  power  from 
the  antiskid  solenoid  valve,  allowing  brake  pres- 
sure to  the  wheel. 

1-22.  Testing,  The  skid  detectors  and  antiskid 
control  shields  are  tested  by  using  a  portable 
tester  designed  specifically  for  this  purpose.  The 
tester  may  be  used  to  bench-test  the  skid  detec- 
tors, and  it  is  used  to  perform  a  functional  test 
of  an  antiskid  system  installed  in  the  aircraft. 
Functional  testing  is  accomplished  by  the  various 
controls  on  the  test  unit  which  simulate  signals  to 
the  control  shield.  The  tester  is  capable  of  per- 
forming the  following  testr 

^  Skid  signals  from  individual  detectors. 

•  Commutator  signals  from  individual  de- 
tectors. 

•  Commutator  resistance  measurements. 

•  Response  of  antiskid  solenoid  valves. 

•  Cpmplete  antiskid  control  cycle. 

1-23.  Figure  5  shows  the  front  of  a  typical 
antiskid  system  tester.  Let  us  briefly  discuss  some 
of  the  various  parts  of  the  tester.  The  external 
power  jacks  are  used  to  furnish  28  volts  dc  to 
the  unit  when  it  is  used  for  bench-testing  anti- 
skid system  units.  The  ohmmeter  jacks  (fig.  5) 
are  provided  so  that  an  external  ohmmeter  can 
be  used  to  measure  detector  commutator  resist- 
ance. The  **power  on"  warning  light  indicates 
that  power  has  been  applied  to  the  tester  and 
the  system  to  be  tested.  \ 

1-24.  Also  shown  in  figurd.  5  are  various 
warning  lights.  The  lights  marked  skid  #1 
through  SKID  #4  are  used  to  indicate  a  skid 
condition  in  a  detector.  The  light  marked  comm 
indicates  that  the  detectors  are  rotating.  The  light 
marked  s  relay  is  illuminated  through  the  con- 
trol shield  when  the  commutators  are  rotating. 
The  remaining  two  warning  lights,  marked  #1 
valve  and  #2  valve,  iUuminate  when  the  rela- 
tive solenoid  valve  is  energized.  -  - 

1-25.  The  SKID  switch  funcfions  to  simulate  a 
detector  skid  signal.  The  in  flt  -  on  gnd  switch 
is  a  three-position  switch.  Itrnthe  neutral  posi- 
tion, the  switch  connects  the  s  relay  lamp 
through  th# control  shield.  In  the  in  flt  position, 
the  switch  arms  the  system;  while  in  on  gnd 
position,  the  switch  disarms  the  system. 

1-26.  The  oHM-oFF  switch  is  used  to  connect 
and  disconnect  powe^*  from  the  circuits  to  be 
checked  by  the  external  ohmmeter.  In  the  ohm 
position  the  circuits  do  not  receive  power,  and  in 
the  OFF  position  the  circuits  receive  power.  The 
selector  switch  selects  (he  system  circuit  to  be 
tested.  • 

1-27.  Now  that  you  are  familiar  with  the  con- 
trols of  'the  tester,  let  us  see  how  the  tester  is 
used  to  function-test  an  antiskid  system.  For  this 
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Figure  5.  Antiskid  system  tester. 


'discussion  we  will  use  a  system  with  four  detec- 
tors: two  inboard  and  two  outboard.  > 

1-28.  One  test  that  can  be  made  with  a  tester 
is  a  locked  wheel  test*  This  is  performed  with 
the  tester  powered  from  the  aircraft.  The  selec- 
tor switch  is  first  placed  to  the  off  position.  With 
the  oHM-OFF  switch  in  off,  and  the  in  flt-on 
OND  switch  in  the  in  flt  position,  the  Nrs.  1  and 
2  valve  lamps  should.be  illuminated.  This  indi- 
cates that  power  is  applied  to  the  solenoid  valves. 
If  the  lamps  are  not  lit,  you  can  assume  that 
the  control  shield  is  defective.  Now,  leaving  all 
the  controls  in  their  present  positions,  rotate  the 


inboard  detectors  in  the  normal  forward  direction 
of  a  speed  of  at  least  80  rpm.  The  #1  valve 
lamp  should  go  dark  in  approximately  0.5  to  1.0 
second.  When  the  detectors  coast  to  a  stop,  the 
#1  VALVE  should  again  illuminate  and  the  relative 
splenoid  energize. 

1-29.  The  next  part  of  this  test  requires  that 
the  selector  switch  be  placed  to  a.  The  ohm-off 
switch  is  left  at  off.  Now,  when  the  left  inboard 
aft  detector  is  rotated  forward  at  a  speed  of' at 
least  230  rpm,  the  comm  light  should  illuminate. 
When  the  selector  switch  is  placed  to  B*and  the 


other  inboard  detector  is  rotated  at  least  230 
rpm,  the  comm  light  should  illuminate  again. 

1-30.  llie  tester  can  also  bemused  to  make  a 
skid  tes^o  do  this,  the  selector  switch  is  moved 
'  to  Ej^  OHM-OFF  switch  to  OFF,  and  the  in  flt- 
ON  *GND  switch  to  the  on  gnd  position.  When  one 
of  the  inboard  detectors  is  rotated  in  a  direction 
opposite  to  normal  to  simulate  a  skid  condition, 
the  relative  valve  lamp  and  skid  lamp  should 
illuminate  momentarily.  If  the  lamps  do  not  il- 
luminate, the  SKID  switch  should  be  held  to  the 
SKID  position  and  the  detector  rotated  in  a  direc-. 
tion  opposite  to  normal.  If  the  lamps  do  not 
illuminate,  you  can  suspect  a  faulty  control 
shield. 

1-31.  This  has  been  a  very  brief  discussion  on 
the  use  of  the  tester.  You  should  realize  that  the 
best  way  to  learti  the  operation  of  the  tester  js  in 
your  own  organization.  This  discussion  has  been 
presented  merely  to  give  you  an  idea  as  to  how  a 
functional  test  is  pcrfonned  and  what  is  in- 
volved. .  - 

1-  32.  This  Concludes  the  discussion  of  a  typi- 
cal heavy  aircraft  landing  gear  system.  Now,  let's 
discuss  a  landing  gear  system  such  as  that  found 
on  a  typical  fighter  aircraft. 

2.  Fighter  Aircraft  Landing 
Gear  System 

2-  1.  The  system  selected  for  thi$  discussion 
consists  of  a  conventional  tricycle  type  landing 
gear  and  a  tail  skid.  The  gear  and  tail  skid  re- 
tract  fully  into  the  aircraft  and  are  closed  off  by 
doors  and  fairings.  The  landing  gear,  wheel 
doors,  gear  and  door  uplocks,  and  gear  down- 
locks  are  actuated  by  individual  hydraulic  cylin- 
ders. Overcenter  locking  mechanisms,  consisting 
of  arm  linkages  and  mechanical  stops,  prevent 
accidental  release  of  various  gear  and  door  locks 
from  either  the  locked  or  unlocked  positions. 
Strut  fairings  are  actuated  by  mechanical  linkage 
connected  to  each  of  the  landing  gear  struts. 

2-2.  A  combination  gear-and-door  control 
valve  ports  pressure  from  the  hydraulic  power 
system  to  the  actuating  cylinders.  The  control 
valve  is  solenoid-operated  and  is  controlled  by 
an  electrical  sequencing  system.  Included  in  the 
sequencing  system  are  gear  uplock,  gear  down- 
lock,  door-closed,  and  door-open  switches.  These 
switches  are  mounted  on  the  aircraft  structure 
adjacent  to  the  mechanisms  by  which  they  are 
operated.  The  sequencing  system  propfcrly  cycles 
the  gears  and  doors  after  gear-up  or  gear-down 
selection  is  made. 

2-3.  Load  switches  ^nd  relays  are  also  in- 
cluded in  the  electrical  circuit  to  insure  proper 
operation  of  the  gear.  Individual  position  indi- 
cators, a  warning  light/and  a  warning  horn  in  the 


cockpit  provide  the  pilot  with  indications  of  gear 
position  and  of  safe||,or  unsafe  condition.  The 
position  indicating  ifid  warning  system  operates 
electrically  through  connections  with  the  sequence 
system  switches  and  throttle. 

2-4.  The  tail  skid  operates  in  sequence  with 
the  landing  gear.  It  is  extended  and  retracted  by 
an  electrical  jackscrew  type  actuator.  The  land- 
ing gear  and  tail  skid  shock  struts  are  telescopic 
units  containing  specific  amojunts  of  hydraulic 
fluid  and  air.  They  absorb  the  shock  loads  met 
during  landing.  The  landing  gear  wheels  are 
equipped  with  extra-high-pressure  pneumatic 
tires.  The  tail  skid  is  equipped  with  a  replaceable 
steel  shoe  at  the  ground-contact  surface.  The  en- 
tire landing  gear  system  is  normally  controlled  by 
a  single  control  handle  mounted  on  the  instru- 
ment panel. 

2-5.  Emergency  systems  are  provided  to  ex- 
tend or  retract  the  landing  gear.  Emergency  ex- 
tension of  the  gear  is  done  mechanically  by  a 
system  of- cables.  The  cables  unlock  all  gear 
doors,  release  the  main  gear  uplocks,  override 
the  door  and  -gear  control  valves,  and  actuate  a 
nose  gear  emergency  extension  control  valve. 
The  main  gears  extend  by  gravity.  The  nose 
gear  is  hydaulically  extended  against  the  air- 
stream  by  pressure  from  a  nose  gear  emergency 
extension  accumulator.  The  entire  emergency 
extension  system  is  operated  by  a  single  handle 
of  the  instrument  panel.  An  emergency  retract 
button  is  mounted  above  the  landing  gear  con- 
trol handle.  Pushing  this  button  with  the.landing 
gear  control  handle  in  the  up  position)  electri- 
cally bypasses  the  sequencing  circuits  ?nd  load 
switches.  The  gear  will  then  retract  regardless  of 
the  position  of  the  wheel  doors. 

2-6.  Operation.  A  schematic  of  a  typical  fighter 
aircraft  landing  gear  control  system  is  shown  in 
figure  6.  The  system  is  shown  with  the  gear 
down  and  locked,  the  gear  handle  down,  the 
doors  closed, :and  the  load  switches  actuated. 

2-7.  Normal  operation  of  the  landing  gear 
system  is  divided  into  two  separate  cycles:  the 
retraction  cycle  and  the  extension  cycle.  Let  us 
start  with  the  retraction  cycle. 

2-8.  Retraction.  As  shown  in  figure  6,  placing 
the  landing  gear  control  handle  to  the  up  posi- 
tion after  takeoff  or  during  a  retraction  test 
causes  the  landihg  gear  unsafe  warning  light  in 
the  landing  gear  control  handle  to  come  on. 
Placing  the  landing -gear  control  handle  in  the 
UP  position  initiates  the  normal  retraction  cycle. 
*  The  tail  skid  is  retracted  and  the  wheel  doors 
unlock  and  open. 

2-9.  As  the  first  door  is  unlocked,  the  landing 
gear  unsafe  warning  light  in  the  landing  gear 
control  handle  should  come  on.  The  gear  down- 
locks  arc  actuated  to  unlocked  position  and  the 
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landing  gear  is  retracted  when  all  wheel  doors 
are  full  open^^As  each  gear  is  unlocked,  the 
symbol  of  the  wheel  appearing  in  the  same  (cor- 
responding) gear  position  indicator  disappears 
and  a  "barber  pple'*  appears.  When  all  gears 
have  reached  the  up*and-locked  positionr  the 
wheel  fairing  doors  close.  As  each  gear  reaches 
the  up*and-locked  position,  the  symbol  of  a 
^^barb^r  pole*"  in  the  same  (corresponding)  gear 
position  indicmor  disappears  and  the  word  up 
appears,  to  indicate  that  the  gear  is  up  and  locked. 


and  its  respective  fairing  door  is  closed  and 
locked.  The  landing  gear  unsafe  warning  light 
should  go  out  when  all  gears  are  up  and  locked 
and  all  doors  are  closed  and  locked  while  the 
engine  throttle  is  above  85  percent  (it  2  per- 
cent) of  engine  speed.  This  completes  the  re- 
traction cycle. 

2-10.  Table  1  lists  the  various  units  in  the  sys- 
tem and  shows  when  they  are  operated.  Using 
this  table  in  conjunction  with  figure  6  will  help 
you  learn  the  detailed  operating  sequence  of 
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Table  1 


Landing  Gear  System  Control  Components 


Main  gear  load  switch 


Noso  gear  sequence  switch 
Main  gear  sequence  switch 
Nose  gear  up  and  locked  indicating 

and  door  sequence  switch 
Mam  gear  up  and  locked  indicating 

and  door  sequence  switch 
Noso  gear  down  and  locked  indicating 

and  door  scqueKC  switch 
Main  gear  down  affi  locked  indicating 

and  door  sequence  switch 

Nose  gear  fairing  door  closed 
indicating  switch  ^ 

Nose  gear  fairing  door  locked 
indicating  switch 

Mam  gear  fairing  door  locked 
indicating  switch 

Warning  horn  relay 

Fairing  door  safety  relay 


Landing  safety  relay 


When  nose  gcir  fairing  door  fully  open 
When  related  wheel  fairing  door  fully  open 
When  nose  gear  up  and  locked 

When  related  gear  up  and  locked 

When  nose  gear  down  and  locked 

When  related  gear  down  and  locked^ 

When  door  is  closed 
When  door  is  locked  closed 
When  related  door  is  locked  closed 

When  horn  cutout  relay  depressed 

Control  coil  energizes  when  all  gear 
UP  and  locked  and  all  doors  closed 
and  locked.  Holding  coil  then  denergizcs 
the  control  coil. 

When  gear  handle  up  and  struts  compressed 
or  when  gear  handle  up,  all  gear 
up  and  all  doors  closed 


this  system  With  the  aircraft  weight  off  the  main 
T^r  '^^^^^^^^^        the  electrical  load  swuches 
IZ  main  gear  strut  are  deactuated  This  c^o^^ 
nl..tes  the  sequencing  system  circuit,  preparing 
Sfsys  m  S  actuation' When  the  land.ng  gear 
control  handle  is  moved  to  the  ^^^^ 
ecar  control  switch  is  actuated  and  directs  cur- 
Snt  into  the  sequencing  circuit.  WUh  the  gear  .n 
the  down-and-locked  position  and  Je  ;vheel 
doors  closed,  the  sequence  switches  dire  t  cur^ 
ren!  to  the  door  open  solenoid  of  the  landing 
and  door  control  vaive,  When  this  so  enoid 
is  energized,  a  valve  is  positioned  to  d^  t  hy 
draulic  pressure  to  the  door  and  the  door  lock 
actuating  cylinders  St  the  same  time  The  lock 
cy  Serf  move  the  overcenter  mechanism  out  o^ 
he  overcenter  position,  allowing  the   ook.  °  b« 
rotated  to  the  unlock  position.  Th^  fr«s  the 
doors,  allowing  them  to  be  opened  by  the  door- 
actua  ing  cylinders.  Hydraulic  pressure  is  main- 
?ained  to  the  door-open  and  unlocked  sides  of 
hfactuating  cyliriderT.  Each  door,  upon  reaching 
Z  m-opcl  position,  actuates  a  sequence  switch 
n  the  geaf-up  circuit.  When  ail  three  door\a« 
ul  y  open,  the  circuit  is  completed  to  ener>ze 


the  gear-up  solenoia  of  the  landing  gear  and 
door  control  valve.  This  makes  the  valve  - direct 
pressure  to  the  up  side  of  the  gear  actuating 
?  Srs  and  to  the  unlock  side  of  the  downlock 
actuating  cylinders.  The  nose  g"r  downlock  pin 
is  pulled,  and  fhe  nose  gear  uplock  hook  is 
p6sUioned  to  receive  the  uplock  roller  on  the 
nose  gear.  At  the  same  time,  the  main  gear  up- 
Ss  are  in  position  to  lock,  and  all  of  the  gejr 
actuating  cylinders  are  pressurized  to  retract  the 

^"2-1 1.  As  each  gear  teaches  the  up-and-locked 
position,  it  operates  a  sequence  switch  wh^h  is 
Connected  mechanically  to  each   gear  uplock 
hook.  When  all  three  sequence  switches  are  ac- 
tuated, a  circuit  is  completed  to  energize  the 
door-closed  solenoid  and  deenergize  the  door- 
'   open  solenoid  in  the  landing  gear  and  door  con- 
trol valve.  This  causes  the  valve  to  reverse  the 
"  hydraulic  flow  to  the  door  cylinders.  Pressure  is 
then  directed  to  the  door  actuating  and  lock 
X  actuating  cylinders  to  close  and  lock  the  doors. 
2-12  As  the  doors  leave  the  full  open  posi- 
tion, the  gear-up  solenoid  is  deenergized,  causing 
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hydraulic  pressure  to  be  removed  from  the*gear 
actuating  cylinders. 

2-13.  When  all  three  doors  are  closed  and 
locked,  the  electrical  circuit  energizing  the  door- 
closed  solenoid  is  broken,  the  solenoid  is  deener- 
gizcd,  and  the  valve  shifts  to  neutral.  When  the 
door-closed  and  gear-up  control  valves  are  in 
neutral,  hydraulic  pressure  is  stopped  at  the  land- 
ing gear  and  door  control  valve.  All  lines  to  the 
door,  gear,  and  lock  .actuating  cylinders  are  then 
open  to-  the  return  lines,  and  the  gear  system  is^ 
depressurized. 

2-14.  Emension.   Placing   the  landing  gear 
control  handle  to  the  down  position  causes  the 
landmg  gear  unsafe  warning  light  to  come  on 
and  the  landing  gear  warning  horn  to  sound, 
Indicating  a  landing  gear  unsafe  condition.  At  the 
same  time,  the  normal  extension  €ycle  is  initiated. 
The  tail  skid  is  extended,  and  -all  wheel  door 
•  locks  and  landing  gear  locks  are  actuated  to  the 
unlocked  position.  The  doors  are  opened  and 
the  landing  gear  is  extended.  Because  of  a  pri- 
ority valve  in  the  landing  gear  extend  line,  the 
doors  are  normall3^opened  ahead  of  the  extend- 
ing landing  gear.  As  each  landing  gear  door  un- 
locks, the  word  up  disappcarsMn  the  corrcspond- 
.  ing  gear  position  indicator,  and  a  "barber  pole" 
appears^  indicating  that  the  landing  gear  door  is 
unlocked.  As  each  landing  gear  reaches  the 
down-and-locked   position,   the  **batber  pole" 
disappears  and  a  symbol  of  a  wheel  appears  in 
the  .corresponding  gear  position  indicator,  as 
shown  in  figure  6.  When  all  landing  gear  is  down 
and  locked,  the  landing  gear  unsafe,  warning  light 
goes  out  and  the  unsafe  warning  horn  is  silent, 
indicating  that  the  landing  gear  is  safe.  At  the 
same  time,  the  landing  gear  doors  are  closed  and 
Ibcked  to  complete  the  landing  gear  extension 
cycle. 

2-15.  When  the  landing  gear  control  handle  is 
moved  to  the  down  position,  the  gear  control 
switch  directs  dc  power  to  the  "Sequencing  system. 

2-16.  With  the  gear  in  the  Uplocked  position 
and  the  wheel  doors  closed  and  locked,  the  '  , 
sequence  switches  are  positioned  to  direct  cur- 
rent to  the  door-open  solenoid  and  the  gear 
down  solenoid  in  the  landing  gear  and  doiJ^^n- 
trol  valve  (not  shown).  A?  the  solenoids^re  en- 
ergi2ed,  the  respective  hydraulic  control* valves  -  ^ 
are  positioned  to  open  the  doors  and  extend  the 
gear  r- 

2-1^.  When  all  the  gears  are  down  and  locked, 
the  sequence  switches  actuate  and  send  power, 
to  the  control  valves  to  lock  the  gear  in  the 
DOWN  position  and  close  and  lock  the  gear 
doors. 

'  2-18.  Landing  Gear  Posltioa  and  Warning  Sys* 
"  letm  The  landing  gear  position  and  warning 
system  (shoNvn  in  fig.  6)  consists  of  the  gear  posi- 
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tion  indicators,  a  warning  horn,  and  a  red  warn- 
ing light  in  the  gear  control  handle.  The  position 
indicators  are  operated  by  movement  of  the  gear 
and  door  mechanisms. 
2-1*9.  The  single  switch  that  energizes*  the 
1  warning  horn  is  mounted  adjacent  to,  and  is  op- 
eratcd  by,  a  sector  in  the  throttle  liifkage.  The 
landing  gear  position  indicators  provide  the  pilot 
with  a  visual  indication  of  the  gear  position.  The 
red  warning  light  and  warning  horn  inform  the 
pilot  of  various  gear  or  door  unsafe  conditions.  A 
warning  horn  cutout  button  is  adjacent  to  the 
landing  gear  control  handle.  This  button  is  used 
to  silence  the  horn  after  the  audible  warning  has 
been  received. 

2-20.  The  warning  system  red  light  in  the  gear 
control  handle  goes  on  when  any  gear  or  door 
IS  not  uplocked  with  the  landing  gear  control 
handle  in  the  up  position.  (See  fig.  6.)  The  warn- 
mg  horn  and  the  red  light  are  "energized  if  the 
pilot  retards  the  throttle  below  the  minimum 
cruise  power  setting  while  the  gear  is  retracted. 
Moving  the  landing  gear  control  handle  to  the 
DOWN  position  electrically  energizes  the  landing 
gear  and  door  control  valves  to  position  the  gears 
and  doors.  The  light  will  also  come  on  if  the  gear 
handle  is  moved  to  the  dov^n  position  when  the 
throttle  is  retarded. 

2-21.  The  landing  gear  position  indicating  sys- 
tem shown  in  figure  6  is  composed  of  three  sep- 
arate indicating  units,  one  for  each^  main  gear 
and  one  for  the  nose  gear.  The  three  units  ^re  ' 
mounted  together  on  a  vertical  panel  on  the  left 
side  of  the  pilot's  instrument  panel.  Each  unit 
consists  of  a  pair  of  coils  mounted  on  a  common 
iron  core  and  a  circular  dial-and-magnet  assem- 
bly supported  on  pivots. 

2-22.  In  operation,  only  one  coil  at  a  time  js 
energized.  As  a  result,  the  dial  is  moved  around 
so  that  either  the  word  up  or  a  small  wheel  ap- 
pean  through  a  window  in  the  indicator.  When 
neither  coil  is  energized,  a  centering  spring  pulls 
the  dial-and-magnet  assembly  to  a  midway  posi- 
tion. A  "barber  pole"  is  then  shown  through  the 
window,  denoting  that  tlie  gear  is  unsafe.  The 
indicator  uses  28  volt  dc  power  for  operation. 
,Current  is  supplied  directly  to  the  unit  when- 
ever  power  is  on  the  aircraft.  The  coils  (hat  con- 
trol the  direction  ir;  which  the  dial  is  moved  are 
energized  when  the  circuit  through  the  position 
indicating  and  .  warning  system  switches  is 
grounded. 

2-23.  This. concludes  the  discussion  of  landing 
gear  circuits..  The  remainder  of  this  chapter  will 
cover  some  ^typical  malfunctions  you  may  en- 
counter, as  well  ^s  a  typical  'adjustment  proce- 
dure?;   ^  \ 

2-24.  Circuil  Malfunctions*  As  an  aircraft  elec- 
trician, you  are  required  to  troubleshoot  electri- 
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Cal  'malfunctions  in-  landing  gear  .cftcuits.  You. 
must  be  able  to  combine  your  skill  in  trouble- 
shooting with  an  intimate  knowledge  of  typical 
landing  gear  circuits.  Unlike  many  other  electrical 
circuits,  landing  gear  systems  require  a  certain 
sequence  in  which  the  control  and  warning  cir- 
cuits must  operate.  For  example,  in  the  typical 
filter  aircraft  landing  gear  circuit,  shown  in  fig- 
ure 6,  the  gear  doors  must  open,  the  landing  gear 
must  either  extend  or  retract,  then  the  doors 
niust  rcclosc/ 

2-25.  To,  give  you  an  idea  of  some  of  the 
more  typical  malfunctions  you  may  meet  in  your 
work,  the  following  examples  are  provided.  Be- 
fore we  begin,  however,,  let  us  discuss  some  of 
the  hazardi  inWlved  in  troubleshooting  landing 
gear -circuits.  Although  there  is  a  certain  element 
of  danger  involved  in  working  on  any  electrical 
system,  landing  gear^systems  are  particularly  dan- 
gerous because  of  <he  .speed  with  which  they 
usuaUy  operate. 'If  the  gear  or  the  gear  door 
should  start  to  operate  whije  you- are  working  on 
it,  you  could  be  seriously  hurt.  For  this  reason, 
you  should  never  work  within  a  wheel  well  area 
when  hydraulic  pressure  or  electrical  power  is 
applied  to  the  gear.  If  it  is  necessary  fpr  you  to 
troubleshoot  a  gear  circuit,  either  remove  power 
or  insure  that  the  safety  pins  are  installed  in  the  ^ 
gear  assembly.  Now  we  may  turn  our  'attention  * 
to  some  examples  of  typical  landing  gear  xir(^i( 
malfunctions,  using  figure  6  for  reference. 

2-26.  Example  Nr.  /.  For  this  example  assume 
that  during  a  gear  retrac^tion  test  the  gear  handle 
was  moved  to  the  v?  position  ancf  all  the  gear 
rctjacted  and  the  gear  doors  closed.  When  the 
position  indicators  were  checked,  however,  they, 
showed  that  the  main  gears  were  in  an  up-and- 
locked  position  but  that  the  nose  gear  w2is  in 
an  intermediate  position,  rfy  examining  figure  6, 
you  can  see  that  all  the  indicators  receive  power 
from  the  position  ind  circuit  breaker.  There  are 
several  possible  malfunctions  that  could  cause  this 
trouble.  Your  first  check  might  be  at  *'B"  of  the 
indicator, to  see  if  dc  is  available.  If  dc  power  is 
present  at  "B,"  check  the  continuity  between  "A" 
of«the  indicator  and  ground  If  there  is  continuity, 
the  indicator  is 'faulty  and  m|)st  be  replaced.  If 
there  is  no  continuity  between  **A"  ofr-the  indi- 
cator an^  ground,  it  is  probable  that  you  have  a 
de|ective  or  misadjusted  nose  gear  up-and-locked 
indicating  and  door  sequence  switch.  If»you  man- 
.  ually  actuate  the  switch  so  that  the  position  indi- 
cator shows  an  up-and-locked  condition,  this  tells 
you  that^  the  switch  must  be  adjusted. 

2-21.  Example  Nr,  2.  For  this  malf^^nction 
again  assume  that  a  retraction  test  is  beSig  per- 
formed. When  the  landing  gear  control^lever  is 
moved  to  the  up  position  the  gears  rc^fract,  the 
doors  close,  and  the  position  indicators  jfejiow  that 


.all  the  gears  arc  in  the  up-and^locked  position 
When  the  throttle  is  advanced,  however,  the 
unsafe  warning  light  'remains  on.  As  shown  in 
figure  6,  if  all  of  the  fairing  doors  are  not 
closed  and  locked,  the  ground  circuit  for  the 
unsafe'^warning  light  is  completed  thr^otigir  any  of 
the  fairing  doors  closed-and-locked  indicating 
switches.  The  cause  of  this  malfunction  could' be 
either  an  unlocked  door  or. a  misadjusted  ^fairing 
door  closed  and  locked  indicating  switch.  * 

2-28.  Example  N7>3.  In  this  problem  the  gear 
doors  open,  iJut  none  of  the  gears  retract.  By 
examining  figure  you  know  that  the  circuit 
from  the  gear  control  switch  (T  to-X)  through 
the  deenergized  landing  safety  relay  and  the  nose 
gear  up  and  locked  indicating  door  sequence 
switch  to  the  door  open  circuit  must  be  goodie- 
cause  the  doors  have  opened  Using  table  1  and 
Jigure  6,  you.t^now  that  the  circuit  to  move  the 
gear  to  the  up  position  is  completed  through 
the  main  gear  load*  switches,  and  the  deener- 
gized landing  safety  "relay  (D  to  C)  and  the  gear 
sequence  switches.  These  three  units  are  the  most 
probable  causes  of  the  malfunction. 

2-29\  This  concludes  the%  discussion  of  some 
.  typical  landing  gear** system  malfunctions.  Bear  in 
mind  that  this  section  has  only  toliched  very 
briefly^  on  tjie  subject.  You  wil^  no  doubt  en- 
counter a  wide  ^Variety  of  unusual  and  different 
troubles.  The  systems  we  have  discussed  are 
typical  of  those  you  will  encounter  in  your  work. 

2-30.  Maintenance.  Earlier  in  this  chapter  we 
said  that  as  an  aircraft  electrician,  you  are  re- 
sponsible for  maintaining  the  electrical  compo- 
nents of  landing  gear  systems.  This  means  that 
,you  are* required  to  remove,  replace,  and  adjust 
the  various  warning  and  control  units   used  in 
these  systems.  Although  it  is  not  the  intent  of  this 
course  to  teach  you  how' to  do  specific  jobs,  the 
following-  discussion  will  g\vt  you  an  idea  bf 
\Vhat  is  involved  in  adjusting  a  typical  landing  gear 
system  component,  such  as  a  position  switch.  Be- 
fore we  start,  however,  let's  briefly  discuss  some 
of  the  safety  factors  involved  in  working  on  any 
landing  gear  system  component.  First,'  always* 
make  sure  that  the  downlock  safety-pins  are  cor-  , 
rectly  installed  in  the  ^e|)r  assembly  and  that  the 
landing  gear  control  lever  is  in  the  gear  down 
position.  Next,  make  sure  that  all  of  the  circuit 
breakers  for  the  gear  you  are  working  on  are 
^   pulled^  Some  of  the  circuit  breakers  .may  have  to 
'   be  reset  to  furnish  power  in  the  adjusting  process. 
It  is  also  a  good  idea  to^cht^  the  gear  position 
indicators  while  power  is  ^ill  on  the  aircraft  to 
insure  that  they  indicate  that  the  gear  is  in  the 
•    down-and-locked  position.  Finally,  make  sure  that 
you  refer  to  the  pertinent  technical  reference  be- 
fore attempting^a^y  maintenance  on  landing  gear 
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systems.  N^g^  wc  shall  learn  about  tfce  adjust- 
ment procedure     a  position  switch. 

2-31.  A  typical  position  switch  is  shown  in  fig- 
ure 7.  The  cover  of  the  position  switch  h6x  has 
been  removed  ^to  expose  the  setscrew.  The  lock- 
nut  on  the  setscrew  should  be  loosened  and  the 
setscrew  rotkted  counterclockwise  several  times  to 
insure  that  the  position  switch  is  (deactuated. 

2-32.  With  hydraulic  pressure  applied  to  the 
gear  you  are  wotking  on,  the  setscrew  should  be 
rotated  clockwise  until'  the  switch  actuates.  At 
this  time  the  gear  position  indicator  for  this  gear 

'  should  indicate  that  the  gear  is  in  the  down-and- 
locked  position.      *  *  * 

2-33.  After  the  position  switch  has  been  ac- 
tuated, continue  to  rotate  the  setscrew  clockwise 
a  minimum  of  one  complete  turn  and  a  maximum 

^  of  one  and  one-half  turns. 

2-34.  Next,  the  >actuator  blade  should  be 
^iecked  for  its  range  of  travel.  This  is  done  with- 
out hydraulic  pressure  to, the  gear.  The  actuator 
i^Iade  should  first  be  moved  upward  to  *deactuate 
the  position  switch.  At  this  time  the  gear  position 
indicator  should  show  an  intermediate  position 
(barber  pole).  On  some  aircraft,  additional  up- 
ward movement  of  the  actuator  blade  actuates 
the  position  switch  to  a  position  that  causes  the 
gear  position  indicator  to  show  a  gear  up-and- 
locked  position.  Manually  moving  the  actuator 
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Figurcv  7.  L?^nding  gear  position  switch. 

blade  downward  should  actuate  the  position 
switch  and*  th^  gear  position  indicator:  ^ould 
show  a  gear  dbwn-and-lockcd  position. 
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5  H  A  P.T  E  R  2 


Flight  Control  Electrical  Systems 


AIRCRAFT  FLIGHT  control  systems  control  ^ 
an  aircraft  in  flight.  Primary  conuol  surfaces, 
such  as  the  rudder,  elevator,  ailerons,  and  flaps, 
arc  used  to  conuol  directional*  movements.  Power 
"to  movi  these  surfaces  may  be  supplied  by  me- 
chanical, hydraulic,  electric,  or  electric-hydraulic 
means.  Most  aircraft  use      hydraulic  system  to 
provide  a  boost  to  assist  the  pilot  in  the  manual 
opcfaUon  of  the  rudder,  elevator,  and,  ailerons; 
electrical  power  usually  operates  the  -flap  sys- 
tems.    '  *  ,  . 
2.  Sometimes  ' it  is  necessary,  to  make  minor 
.  cowcctfens  in  aircraft  atUtude  during  flight  bc- 
iimuse  of  the  changes  ih  the  position  of  the  center 

•  9f  gravit^or  wind  direction.  This  may  be  done 
by  various  trim  conuol  systems  on  the  basic  sui- 
fact;  controls.  Sometimes  the  trim  control  system 
involves  movement  of  the  entire  basic  conUoL 
surface,  while  on  other  systems  just  a  small  tab 
on  Ihe  main  control  surface  is  moved.  A  ^slight 
movement  of  this  tab  will  cause  the  control  sur- 
face to' which  it  is  attached  Jto  be  repositioned. 
We  shall  ^dovote  this  chapter  to  a  discussion  of 

^  ^the  operation  .and  maintenance  of  Uim  control  • 
circuits.  ^ 

3.  In  the  first  section  of  this  chapter  we  shall 

•  discuss  the  elecuiqal  circuitry  pertaining  to  flap 
systems.  In  the  remaining  two  sections  we  shall 
cover  the  circuifry  pertaining  to  trim  control  cir- 
cuits. 

•  •  .  *^ 

3.  Wing  Flap  Control  Circuits 

Jff.  For  comparison,  let's  first  discuss  the  flap 
systen!  on  aircraft  that  has  an  inboard  and  an 
outboard  flap  section  on  each  wing,  then  a 
flip  system  that  has  leading  edge  flaps  and  trail- 
ing edge  flaps. on  each  wing.  Both, flap  systems 
'  have  the.  same  jdb:  to  add  to  the '•lift  of  the 
wipg  in  order  to  .proviije  for  shortened  takeoffs 
*    and'  reduced  landing  speeds. 

3-2.  Wfaif.  Inboard  and  Ontbotrd  Flap  System.^ 
Re^er  to  foldout  1  (This  and  FO  2-6  are  printed 
'and  bound  in  the  back  of  this  volume.)  for  the  fol- 
lowing discussion  of  wing  flap  contrpl  ^circuits. 


The  four  flap  sections,  one  inboard  and'  one 
outboard  section  on  each  wing,  are  driveil  simul- 
taneously by  two  motors  incorporated  into  a  drive 
power  unit.^Attached  to  the  drive  power  unit  is 
a  flap  limi^  switch  assembly  that  contains  five 
adjustable  \am-operated  "Microswitches";  the  ' 
right-hand  (rh)  extend,  the  left-hand  (lh) 

EXTEND,  the  RH  RETRACT,  the' LH  RETRACT,  and 

the  FLAP  WARNING  SWITCH.  The  three-phase  ac 
motors  ^e  joined  together  by  a  differential  gear- 
ing  6oth  motors  usually  operate  together;  how- 
ever, the  differential  gears  in  the  drive  unit  per- 
mit the  operation  of  the  fl?p  system  by  either 
motor  in  case  of  a  motor  failure. 

3-3.  The  control  of  the  wing  flap  drive  system 
can  be  provided  by  two  separate  dc-powered  con- 
trol circuits.  One  circuit  controls  only>  the  nght 
motor  and  the  other  controls  the  left  motor. 
The  wing  flap  control  circuits  originate  -at  the 
FLAP  CONTROL  LEVER.  This  lever  provides  off- 
UP-DOWN  positions  with  detents  at  the  up  and 
DOWN  positions,  and  it  mechanically  busds  the 
two  control  circuits  together.  The  control  lever 
must  be  lifted  to  clear  the  detent  before  it  can 
be  ynoved  away  ^from  any  of  these"  positions. 
When  the  flap  control  lever  is  placed  in 
the  DOWN  position,,  both 'motors  in  the  power 
unit  are  energized  and  the  flaps  -are  extended. 
Placing  the  control  l^er  in  the  up  position  en- 
erpzes  the  same  motors  and  retracts  the  flaps. 
Extension  or  retraction  may  be  stopped  or  re- 
versed at  any  point  in  the  cycle.  The  limit 
.  ^  switches  provide  protection  for  both  the  up  and 
DOWN  positions. 

3-4  A  dc  relay  controls  each  of  the  two 
motors  (left  and  right)  in  the  drive  power  unit. 
Each  Qf  these  relays  contains  two  operating  coils 
with  the  contacts  %ired  so  as  to  reverse  the  phase 
connections  to  the  three-phase  motors  and  thus 
control  the  direction  of  rotation  of  the  flap  n^otors. 

3-5.  Thus,  the  components  for  controlling  the 
flap  motor  consist  of  circuit  bfcalcers;  the  flap 
control  lever,  two  control  relays,  and  an  extend 
LIMIT  SWITCH  and  ?  retract  limit  switch^ 
throujh  which  the  control  relays  are  energized. 
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In  addition,  each  motor  has  an  internal  brake. 
The  brake  is  spring-actuated  to  hold  the  flaps 
in  a  fixed  position  when  the  motor  is  not  operat- 
ing. The, motors  contain  a  dc  power*operated 
brake  solenoid  which  is. energized  to  release  the 
brake  when  a  torque  sy/itch  inside  the  rotor 
senses  stifflcient  motor  torque  and  actuates  the 
brake  release  *'Microswitch." 

3-6.  At  previously  Mentioned,  the  flap  con- 
trol lever  operates  four  "Microswitchcs":  two 
for  the  extend  circuit  and  two  for  the  retract  cir- 
cuit. Interruption  of  the  control  power  through 
opening  of  the  extend  limit  switch  or  the  re- 
turning of  the  flap  control  lever  to  the  off  posi- 
tion will  simultaneously  open  the  control  relays 
and  the  brake  circuit,  causing  the  motor  brakes 
to  be  applied  to  maintaia»any  desired  flap  posi- 
tion.      .  ^ 

3-7.  Whenever  the  aircraft  is  on  the  ground, 
the  FLAP  WARNING  SWITCH  works  in  conjunction 
with  the  throttle  control,  the  landiAiO  gear  squat 
SWITCH,  and  the  flap  position  warnIng;  relay. 
Thus,  the  warning  horn  will  sound  whenever  the 
flaps  are  not  fully  extended  and  ei^er  number  3 
and  number  5  throttles  or  number  4  and  number 
6  throttles  are  advanced  beyond  a  preset  point 
above  the  idle  position  (see  FO  1).  This  warn- 
ing system  uses  the  same  warning  horn  as  the 
landiijg  gear  warning  system.  Bujt,  unlike  the  land- 
ing gear  warning  horn  circuit,  it  cannot  be. shut 
off  by  a  cutoff  switch'. »  • .  * 

3-8.  To  inci;easc  the  reliability  of  this  flap 
system,  it  has  ^wo  separate  control  circuits  so  that 
if  one  fails  the  other  wUI  still  >function.  However, 
if  one  motor  fails  there  is  a  SO-percent  reduction 
in  the  flap  operating  speed. 

3-97  Supersonic  aircraft  use  a  trailing-cdge 
and  a  leading-edge  type  of  wing  flap  system. 
This  system  is  our  next  topic. 

3-10.  Leading-Edge  Uid  T^railing-Edgt  Wing 
Flaps.  These  flaps  are  electrically- interconnected 
by  a  control  circuit  and  mechanically  intercc^n- 
nected  by  flexible  drive  shafts.  A  sct^  6f  switches 
actuated  by  a  single  lever  in  the  cockpit  controls  * 
the  flaps.  The  leading-edge  flap  control  circuit 
comgonents  are  shown  on  foldout  2  and  consist 
of  a  flap-  acttiator,  a  flap  ppv/cr  relay,  an  h-box, 
a  flap  control  switch,  circuit  breakers  and  a  flap 
lock  motor  assembly.  The  leading-edge  flap  con- 
trol  circuit  has  a  flap  lock  motor  assembly;  other- 
wise, the  components  of  this  circuit  and  of  thc^ 
trailing  edge  are  the  same.  Siilce  bodf  control 
circuits  are  identical,  we  shall  discuss  only  one— 
.that  is,  the  leading-edge  flap  control  circuit.  Keep 
in  mind  that  both  sets  of  wing  flaps  are  used  for 
takeoffa  uiiU  Ifllidings. 

3-11.  Opcratiott  of  Leading<Cdge .  Flap  Con- 
trol Circttit  When  the  flap  control  is  placed 
in  the  takeoff  (t.o.)  position,  dc  power  is  ap- 


plied  through  the  wing  flap  control  switch 
to  the  closed  contacts  of  the  energized  f  lap  con^ 
TROL  BUS  TRANSFER  RELAY,  and  then  to  the 

LEADING  EDGE  FLAP  TAKEOFF  CONTROL  RELAY, 

as  illustrated  on  foldout  2.  The  takeoff  con- 
trol RELAY  energizes^  and  dc  power  is  then  ' 
connected  through  the.  retract  limit  switch 
of  the  left  leading-edge  flap  lock  actuator  motor 
to  the  unlocked  field  of  the  motor.  The  motor 
then  begins  to  operate  the  jackscrews.  (These 
jackscrews  do  not  move  the  flaps.)  The  retrac- 
tion of  the  jackscrews  pulls  the  cables  to  the 
flap  lock  assemblies,  disengaging  the  locking 
hool^s  and  arming  (closing)  the  left  and  right 

FLAP  lock  control  SWITCHES. 

3-12.  When  the  actuator  jackscrews  reach  the 
fully  redacted  position,  the  motor  retract  limit 
SWITCH  opens  the  motor  circuit  aad  the  flap 
LOCK  MOTOR  stops  rotating.  Also,  the  motor  re- 
tract'limit 'switch  places  dc  power  through 
Jhe^ contacts  (unlock  position)  of  the  flap  lock 
CONTROL  SWITCHES  and  through  the  contacts  of 

the  TAKEOFF  CONTROL  RELAY  tO  the  TAKEOFF 

LIMIT  SWITCH  <DN)  ih  the  H-Box.  The  dc  power 
from  the  down  limit  switch  energizes'' the 
MAGNETIC  BRAKE  inside  the  H-BOX.  The  mag- 
netic brake  then  releases  the  flap  actuator  jack- 
screws  (not  those  operated  by  the  flap  lock 
motor).  At  the  same  time,  dc  power  from  the 
DO\yN  LIMIT  SWITCH  energizcs  the  leading-edge 

FLAP  POWER  ON  RELAY., 

3-f3.  The  FLAP  POWER  DN  RELAY  completes 
the  ac  power  circuit  to  the  left  and  right 
LEADING-EDGE  FLAP  ACTUATORS.  The  magnetic 
clutches  in  both  actuators  energize  (engage),  and 
the  flaps  move  toward  tjic  takeoff  position.  The 
actuators  operate  the  flexible  drive  shafts  which 
rotate  .the  shaft  and  cam  mechanism  inside  the 
H-Boa. 

3-14.  When  the  flaps  reach  approximately  13° 
down  from  the  faired  (retracted)  posilioc,  the 
DOWN  LIMIT  SWITCH  in  the  H-BOX  oRcns  and 
flaps  are  stopped.^  Also  ^the  magnetic'  brake  is 
engaged,  and  the  magnetic  clutch  in  each  ac- 
tuator is  disengaged  *when  dc  power  is  removed  , 
by  the  down  limit  switch.  Thi^  permits  the 
brake  in  the  h-boxAo  stop  flap  travel  through 
the  jackscrews  and /the  actuator  motors  coast  to 
-a  stop. 

3-15.  The  selection  of  land  (on  some  air- 
craft th|s  is  called  town)  position  of  the  flap 
CONTROL  SWITCH  again  energizes  the  on  power 
relay  and  actuators,  •  This  time  the  flap  travel 
IS  limited  by  the  down  mmit  switch  in  the 
H-BOX.  The  flaps  arc  stopped  approximately  28'' 
down  from  the  fainefl  position. 

3-16.  The  selection  of  t.o  position  by  the 
flap  control  switch  energizes  the  up  power 
relay  and  the  actuators.  The  phase  rotations  arc 
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reversed  in  the  motors  by  the  up  power  relay 
when  the  flap  control  ^switch  is  moved  from 
the  LAND  position  (sec  FO  2).  The  flaps  retract 
until  stopped  by  the  up  takeoff  umit  switch 
in  the  h-box.  In  this  case,  the  flaps  are  a^roxi- 
mately  13**  down  from  the  faired  p^sitjcm, 

-3-17.  The  selection  of  up  position  the  flap 
cohJTROL  SWITCH  again  energizes  the  up  power 
relay  and  the  actuators.  Now,  the  flap  travel  is 
limited  \>y  the  up  limit  switch  in  the  h-box. 
The  flaps  arc  stopped  at  the  faired  position. 

3^8.  So  far  we  have  mentioned  the  function 
of  the  actuators  in  these  control  *  circuits.  Let's 
stop  for  a  moment  and  briefly  discuss  the  main- 
tenance of  an  actuator. 

3-19.  Maintenance  of  an  Actmtor.  As  you 
know,  an  actuator  is  composed  of  a  motor  con- 
nected to  a  gear  train  that  drives  a  flexible  shaft 
The  motor^may  be  controlled  manually  or  auto- 
matically by  limit  switches.  The  typc^  motor 
determines  the  capability  of  the  actuator.  ' 

3-20.  Many,  repair  parts  for  actuators  are  pro- 
vided in  the  form  of  kits.  The  stock  numbers  for 
the  repair  kits  and-  for  the  nonkitted  parts  may 
^bc  found  in  S-00«1-1,  Master  Cross-Refcrence 
Index.  The"  presence  of  a  new  part  in  a  repair 
kit  usually  eliminates  the  necessity  pf  cleaning, 
inspecting  or  reworking  the  equivalent  part  re- 


moved from  the  assembly  which  is  being  repaired. 
If  any  part  in  the  kit  is  to  be  inspected  or  tested 
before  installation,  instructions  for  performing 
these  requirements  are  included.  When  a  part  is 
not  normally  removed  in  the  process  of  disas- 
sembly, and  it  is  serviceable,  the  part,  need  not 
be  removed  .solely  for  the  lyirpose  of  replacement 
by  a  corresffonding  kitted  part.,It  is  important  that 
the  applicable  technical  order  for  overhaul  instruc- 
tions of  an  actuator  be  read  and  that  the  in- 
structions be  followed  carefully.  Disassembly  and 
reassembly  of  actuators  should  not  be  perfonAed 
without  the  applicable  technical  order. 

3-21.  Cleanmg  consists  of  washing  all  non- 
electrical parts  in  an  approved  cleaning  solvent. 
This  should  be  done  in  a  ventilated  area;  other- 
wise personnel  may  breathe  the  fumes,  which 
ipay  bc^  toxic.  Solvehts  should  not  be  used  in  the 
presence  of  a  fire,  since  some  fumes  are  flam- 
mable. 

3-22.  The  wiring  diagram  of  a  typical  ac- 
tuator is  illustrated*  in  figure  8.  Notice  how  the 
.  wires  are  placed  and  connected  to  each  electrical 
terminal  and  component.  The  chart  shown  in  fig- 
ure 8  lists  the  size  and  length  of  each  wire  seg- 
ment inside  the  actuator.  The  colored  insulation 
of  the  wire  aids  in  identifying  the  wire  installed 
with  the  wiring  on  the  diagram. 
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3-  23.  The  limit  switches  may  require  calibra- 
jtion  or  adjustment  before  the  actuator  is  tested 
for  serviceability.  In  some  cases,  the  limit  switches 
are  set  when  the  a9tuator  is  installed*on  the  unit 
it  operates.  During  a  no-load  test,  the  actuator 
should  operate  in  a  satisfactory  mapner — for  ex- 
ample, without  unusual  noise,  without  binding, 
and  without  vibration.  During  a  rated-load  test, 
and  load  current  should  not  exceed  its  limits. 
This  concludesJoHj;  discussion  of  wing  flap  con- 
trol circuits;  wfe  shall  now  turn  to  the  stabilizer 
trim-control  circuit  on  the  airplane. 

4.  Stabilizer  Trim  ControL  Circuit 

4-  1.  In  this  section,  we  shall  cover  the  elec- 
trical circuitry  involved  in  the  operation  of  the 
horizontal  stabilizer  control  system.  The  com- 
plete system  is  shown  in  foldoui  3;  you  should 
refer  to  it  during  ti^is  discussion. 

4-2.  System  OpentioD.  The  stabilizer  is  moved 
to  trim  the  aircraft  by  a  jackscrew  that  is  driven 
hydraulically.  However,  the  hydraulic  system  is 
controlled  by  any  one  of  three  means.  The  nor- 
mal control  is  by  an  electrical  circuit,  through 
switches  on  the  pilot's  and  copilot's  control  wheel. 
The  trim  control  wheel^ provides  a  manual  means 
of  control,  and  the  automatic  pilot  provides  the 
third  method  of  control.  The  method  of  control 
that  is  used  is  determined  by  the  stabilizer 
TRIM  CUTOUT  SWITCH.  This  switch  is  marked  » 
NORM  and  CUTOUT  and  is  sliown  in  the  norm 
position  in  foldout  3. 

4-3.  When  the  switch  is  in  the  >iorm  position, 
the  system  is  controlled  by  the  electricii  control 
circuit.  Placing  the  switch  in  the  cutout  position 
transfers  system  .control  to  the  autopilot  system. 
The  manual  control  can  be  used  in  conjunction 
with  either  system;  it  is  controlled  by  the  trim 
control  wheel.  \ 

4-4.  The  STABILIZER  TRIM  SWITCHES  are 
powered  by  28  volt  dc  from  the  circuit  breaker 
shown  on  the  foldout  just  below  the  stabilizer 
TRifii  CUTOUT  SWITCH.  When  either  of  the ' 
stabilized  trim  switches  is  moved  to  the  nose 
oqwN  position,  current  flows  through  the  lower 
contacts  of  the  trim  cutoUt  switci^-  on 
through  the  upper  contacts  of  the  autopilot 

MANUAL  STABILIZER  TRIM  OVERRIDE  RELAY,  and 

on  to  the  stabilizer  trim  control  ix>wn  re- 
LAY/The  current  does  two  things  at  this  point: 
it  flows  on  to  energize  tl|4v^UTCH  and  also 
energizes  the  dn  relay.  wl\^the  dn  relay 
is  energized,  the  triple  set  of  contacts  associated 
witb  it  closes,  and '  three-phase  power  flbws 
through  these  contacts  to  the  three-phase  motor. 
Since  the  clutch  was  already  energized,  the  motor 
will  turn  the  driven  followup  jackscrew  and 
its  associated  mechanism.  The  gearing  at  'the 


upper  end  of  this  jackscrew  turns  an  intermediate 
gear  which  turns  the  fixed  followup  jack- 
screw.  Both  jackscrew  actions  cause  the  con- 
necting linkage  to  position  a  hydraulic  metering 
valve  and  thereby  allow  the  hydraulic  pressure 
to  drive  .the  hydraulic  motors.  These  motors  move 
the  stabilizer  jackscrew  and  thus  move  the  sta- 
bili26r  in  a  manner  to  trim  the  airci;aft  by  causing 
its  nose  to  go  down. 

4-5.  The  only  difference  in  operation  when 
ih6  STABILIZER  TRIM  SWITCH  is  placed  in  the 
NOSE-UP  position  is  that  dc  power  is  applied 
to  the  opposite  clutch  winding.  This  clutch  ac- 
tion causes  the  driven  followup  jackscrew 
to  turn  in  the  opposite  direction,  even  though 
the  three-phase  motor  continues  to  turn  in  the 
same  direction.  Of  course,  with  the  jackscrcws 
turning  in  the  opposite  direction,  the  linkage  posi- 
tions the  metering  valves  in  the  opposite  direc- 
tion and  the  hydraulic  motors  turn  the  sta9HIZER 
j^KSCREw  in  the  opposite  direction  ^to  cause  a 
iw^up  altitude. 

^-iS. ^Brakes  are  installed  on  the  output  shafts 
of  the  hydraulic  motors.  These  brakes  are  en- 
gaged to  keep  the  stabilizer'  from  "creeping"  or 
changing  its  trimmed  position  after  the  hydraulic 
motqrs  stop. 

4-7> Operational  Checkouts.  Let's  begin  by 
placing  the  stabilizer  trim  cutout  switch  in 
the  NORM  position,  as  illustrated  in  foldout  3. 
The  proper  movement  of  the  stabilizep  is  checked 
by  moving  th^trim  switch  to  the  nose-up  posi- 
tion to  trim  \  for  a  short  distance  from  the  O"" 
position.  The  stabilizer  leading  edge  should  be 
in  the  0""  position,  as  indicated  by  the  decal  on 
the  side  of  the  fuselage.  The  stabilizer  leading 
edge  should  move  down,  and  the  trim  indicator 
should  show  the  correct  movement.  This  is  ac- 
complished when  the  nose-up  trim  switch  is 
depressed,  and  dc  power  is  applied  through  tlje 
trim,  switch,  and  through  the  norm  position  of 
the  TRIM  CUTOUT  SWITCH.  From  there,  the  dc 
power  goes  through  a  set  of  contacts  on  the 

TRIM   OVERRIDE    RELAY,   tO  the   TRIM  CONTROL 

UP  RELAY,  and  to  a  clutch  within  "the  clutch  unit. 
The  jackscrew  should  rotate  "when  the  trim  con- 
trol UP  RELAY  eilergizes  and  three-phase  ac 
power  is  connected  to  the  actuator*s  motor.  Also, 
when  the  trim  Switch  is  moved  to  the  nose 
DOWN  position,  the  stabilizer  leading  edge  should 
move  up  and  the  trim  indicator  should  show 
the  correct,  movement. 

4-8.  Next,  let*s  test  to  determine  if  the,  cutout 
circuits  are  in  operation.  Thls^test  is  performed 
with  thc^TRlM  CONTROL  WHEEL  in  the  0®  position 
and  the  stabilizer  trim  cutout  switch  in 
the  CUTOUT  position.  Neither  the  stabilizer  nor 
the  manual  trim  wheel  should  move  when  the 
trim  switch  Js  moved  to  the  nose-up  or  nose- 


DOWN  position.  This  concludes  the  operational 
checkout.  Two  other  features  of  this  system  that 
should  be  mentioned  ?re  t.he  stabilizer  trim  heater 
circuit  and  the  brakes. 

~  4-9.  Trim  Heater  Circuit.  If  you  look  at 'fold- 
out  3,  you  can  see  the  heating  circuitry  that  keeps 
the  i)R«VEN  FOLLOWUP  and  FIXED  FOLLOWUP  , 
JACKSCREws  heated  to  prevent  icing.  These  heat- 
ing elements  are  of  the  rod  type  and  are  housed 
inside  the  jackscrews. 

4-10.  Operational  ChcAout.  The  stabilizer 
NUT  THERMOSTAT  is  a  hermetically  sealed  unit 
containing  control  and  overheat  thermal  switches. 
A  1 15-voli  test  lamp  is  used  to  check  the  opera- 
*  tion  of  this  unit.  This  test  lamp  is  connected  be- 
tween   the    STABILIZER    NUT   THERMOSTAT  and 

'   ground  before  ac  power  is  applied  to  the  aircraft. 
The  test  lamp  should  illuminate  and  the  foUowup 
screws  should  heat  when  the  stabilizer  '  trim 
HEATER  circuit  breaker  is  closed.  After  a  short 
heating  period,  the  control  switch  should  oppn 
and  the  test  lamp  should  go  out.  The  temperature 
'range *of  the  sta^jilizer  trim  heater  may  be  checked 
by  referring  to  the  applicable  technical  order. 
For  example,  the  control  switch  may*  close  below 
45'  to  55"  F.  and  open  at  55'  to  75=  F.,  with 
an  overheat  switch  set  -to  open  at  80°  to  90  F. 
When  the  temperature  'of  the  stabilizer  nut 
THERMosTAt  is  abovc  the  operating  range  of 
the  control  switch,  the  test  lamp  should  not  be 
illuminated  and  the  control' switch  should  be 
opened. 

4-11.  The  overheat  switch  may  be  checked 
by"  placing  a  jumper  wire  across  the  terminals 
of  thf  stkbilizer  nut  thermostat.  The  test  lamp 
shoul^tbme  on  and  the  follow-up  screws  should- 
heat   when  the  stabUizer   trim  heater  circuit 
breaker  is  reset.  After  a  short  period  of  heating, 
the  overheat  switch  should  open  and  the  test 
lamp  should  go  out.  To  prevent  possible  personal 
injury  and  equipment  damage,  the  electrical  pfower 
is  turned  off  before  the  jumper  wire  and  the  test 
lamp  are  removed.  This  concludes  our  discussion 
of  the  stabilizer  trim  control  circuit.  We  shall  now 
consider  another  important  flight  control  circuit, 
the  aileron  trim  control. 

%  5.  Aileron  Trim  Con^i^ol  Circuit 


"3-1.  The  ailerons  control  the  movement  of  an 
aircraft  about  its  longitudinal  axis.  Moving  the 
control  wheel,  or  stick,  to  lower  the  aileron  on 
one  wing  raises  "the  aileron  on  the  other  wmg. 
The  aileron  trim  control  circuit  is  provided  to  as- 
sist the  pilot  in  maintaining  the  level  flight  attitude 
of  the  airplane.  Foldout  4  illustrates  the  aileron 
trim  control  circuit  which  .will  be  used  during  the 
following  explanation.  Let's  begin  by  discussing 


the  operation';  later  we  shall  discuss  the  opera 
tional  checkout. 

5-2  System  Operation.  The  aileron  trib  tabs 
are  w^itioned  by  the  aileron  trim  actuators.  These 
actuators  are  driven  by  the  trim  motor  through 
flexible  drive  shafts.  However,  the  left  and  right 
trim  actuators  and  tabs  move  in  opposite  direc- 
tions. That  is,  as  the  left  tab  moves  up.  the  right 
tab  travels  down  the  same  distance.  Since  these 
tabs  operate  in  opposite  directions,  they  jointly 
aid  in  rolling  the  aircraft  around  its  longitudinal 

axis.  * 

5-3.  When  the  trim  selector  switch  is 
placed  in  the  stick  trim  position,  power  is  ap- 
plied to  the  STICK  TRIM  LOCKOUT  RELAY.  Whcn 

this  relay  is  energized,  the  trim  system  cannot 
be  operated  since  the  electrical  circuit  to  the  con- 
trol STICK  TRIM  SWITCH  is  Open.  This  prevents 
operation  of  the  system  when  the  hydraulic  sys- 
tem has  failed.  "Let's  assume  that  hydraulic  pres- 
sure is  normal.  Under  this  condition,  the  relay 
contacts  will  be  as  shown  and  power  is  applied 
to  the  CONTROL  STICK  TRIM  SWITCH.  Actuation 
of  this  switch  will  direct  power  to  the  trim  motor. 

5-4.  Should  the  aircraft  require  a  right  wmg 
down  condition  to  maintain,  level  attitude,  the 
pilot  actuates  the  control  stick  trim  sjvitch 

to   the    R   WING   DOWN    (L   WING    UP)  pOSltlOn. 

This  directs  power  to  the  lower  limit  switch  of  the 
"trim  motor,  and  the  field,  arm.  and  magnetic  . 
BRAKE  are  energized.  The  motor  will  continue  to 
run  until  the  control  stick  trim  switch  is  re- 
leased or  the  trim  motor  reaches  its  limits  and 
the  limit  switch  opens. 

5-5.  Regardless  of  the  degree  of  ailero-fi  de- 
flection, the  control  stick  position  will  be  the  same 
as  it  was  when  the  trim  was  initiated.  Toggling 
the  thumb-actuated  conttol  stick  grip  trim  switch 
to  the  left  will  produce  exactly  the  same  opera- 
tion, but  in  the  opposite  direction. 

5-6.  With  the  aircraft  on  the  ground,  the  elec- 
trical syst^em  eijergized.  and  the  hydraulic  sys- 
tems under  pressure',  the  takeoff  trim  mdicator 
lights  may  be  energized  either  through  the  take- 
off trim  IND  SWITCH  in  the  trim  motor  or  by 

the  WARN  LT  TEST  swjtch. 

5-7.  Normal  operation  through  the  motor 
switch  occurs  whenever  the  trim^  motor  is  run  to 
the  takeoff  trim  position  of  the  ailerons  and  the 
trim  comrol  is  actuated.  The  indicator  will  not 
remain  on  after. the -trim  control  switch  is  re- 
leased. To  establish  the  takeoff  trim  position 
of  the  ailerons,  select  cither  left  or  right  trim 
with  the  control  stick'grip  trim  switch  and  hold 
it  until  the  trim  indicator  light  momentaril/ flashes 
on,  then  off.  Immediately  release  the  switch,  then 
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toggle  it  for  the  opposite  trim,  but  in  small  incre- 
ments, unta  the  indicator  light  flashes  on.  Imme- 
diately release 'the  switch,  and  the  aflerons  will 
be  in  thCstakeoff  trim  position. 

5-8.  To  test  the  takeoff  trim  indicator  lights, 
select  the  warn  lt  test  position  of  the  test 
^switch.  This  provides  an  alternate  source  of 
power  from  the  dc  emergency  bus,  energizing  a 
WARNING  LicftT  RELAY  which  dirccts  power  to  the 
takeoff  trim  indicator  lights.  The  ground  side  of 
the  lights  then  passes  through  the  energized 
GROUNd-AiR  SAFETY  RELAY  contacts  when  the  air- 
craft is  on  the  ground  and. electrical  power  is  on, 
then  to  ground  through  the  w>uwing  light  re- 
lay NO.  2  switch  contacts. 

5-9.  The  lights  cannot  operate  once, the  air- 
craft is  airborne  because  of  the  landing-gear-ac- 
tuated ground-air  safety  switch.  This  prevents 
tfie  lights  from  disturbing  the  pilot's  vision  when 
inflight  trim  of  the  aircraft  is  required  With  the 
above  circuits  in.mj^nd,  let  us  discuss  the  opera- 
tional checkout., 

5-10.  OpenidonaL  Gieckoot  Certain  precau- 
tions should  be  observed  during  this  operational 
check.  The  aileron  trim  system  should  not  be 
operated  unless  power  is  supplied  to  both  the 


electrical  and  hydraulic  systems  because  other- 
wise damage  may  result  to  the  trim  actuator 
motor  and  the  flex  sliaft.  Before  turning  on  the^ 
.ground'  power  supply,  all  the  switches  and  con- 
trols should  be  checked  and  moved  to  the 
GROUND  position,  and  ajl  the  control  surfaces 
should  be  clear  of  obstructions.  You  should  read 
and  understand  all  of  the  various  cautions  and 
notes  necessary  for  this  system  operation  in  the 
applicable  technical  order. 

5-1 1 .  With  all  the  preparations  completed,  and 
the  power  supplies  connected,  the  aileron  takeoff 
trim  indicator  lights  should  not  be  illuminated  if 
the  control  stick  is  in  the  neutral  position.  When 
^  the  maximum  aileron  travel  is  obtained  by  hold- 
,  ing  tfie  control  stick  trim  control  switch,  the 
aileron  takeoff  trim  indicator  lights  should  flash. 
The  maximum  aileron  travel  and  flashing  of  the 
aileron  takeoff  trim  indicator  lights  should  be 
checked  for  movement  jn  both  directions.  The 
left  aileron  and  right  aileron  should  travel  so 
many  degrees,  one  up  and  the  other  down,  and 
adjustment  shpuld  be  made  if  the  travel  of  each 
is  out  of  tolerance  ^according  to  the  applicable 
technical  order. 
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CHAPTER  3 


Warning 


rp  HE  WARNING  ^  systems  inform  the  crew 
1  ihethef  or  not  the  aircraft  is  in  a  safe  con- 
dition for  takeoff,  normal  operation,  or  landing. 
Since  no  one  can  accurately  predict  .when  a  par- 
ticular  piece  of  equipment  is  going  to  fail,  warn- 
ing systems  are  installed  as  i  precaution.  How- 
ever, warnings  systems  are  not  designed  solely 
for  emergencies.  They  may  serve  as  a  check  on 
components  that  arc  located  out  of,  sight  of  the 
flight  crew;  they  also  tell  the  crew  of  operating^ 
conditions  that  require  some  adjustment.  The 
warning  unit  may  be  a  light,  a  bell,  or  a  horn.. 
Warning  devices  arc  usually  controlled  through 
switches  which  may  be  operated  by  pressure, 
temperature,  or  a  mechanical  linkage.  Sometimes 
the,  switches  are  connected  in  parallel  or  series- 
parallel  to  enable  the  operating  personnel  to 
know  the.opcrating  conditions  of  individual. por- 
tions of  the  complete  circuit. 

2.  Fire  is  one  of  the  most  dangerous  condi- 
tions on  board  an  aircraft,  so  the  first  part  of  this 
discussion  will  be  concerned  with  the  various 
types  of  fire  warning  systems. 

6.  Fire  and  Overheat  Warning 

6-1.  In  order  to  detect  fires  or  overheat  condi- 
tions, detectors  are  placed  in  the  various  zones  to 
be  monitored,  usually  the  engine  and  baggage 
compartments  of  the  more  conventional,  types  6f 
aircraft  or  the  engine  section,  nacelle,  or  tail  cone, 
of  jet  type  aircraft.  There  are  four  types  of  fire 
cfeteetors  currently  in  use:  the  thermal -switch,  the 
thermocouple,  the  •  photoelectric  type,  and  the 
continuous  cable. 

6-2.  Thermal  Switch  Circuit  The  thermal 
"  switch  type  of  warning  system  consists  of  one  or 
more  li^ts  energized  from  the  installation's  power 
supply  system  and  a.  number  of  thermal  switches 
'  tfiat^control  operation  of '  the  light(s).  These 
thermal  switches  are  heat-sensitive  units  that  com- 
plete an  electric  circuit  when  they  are  exposed  to 
a  certain  temperature.  These  thermal  switches  are 
connected  in  parallel  with  each  other  but  in  series 
with  the  warning  light,  as  shown  in  figure  9. 


Circuits 


Whenever  the  heat  rises  above  a  certain  value  in 
any, one  section  of  the  installation  where  the  ther- 
mal witches  are  located,  the  ovcrtemperature  «k* 
fire  warning  light  is  illuminated  by  the  closing  of 
'the  thermal  switch.  Thus,  the  thermal  switch  coni- 
pletes  a  ground  path  for  current  flow.  There  is 
no  set  number  of  switches  required:  the  exact 
number  being  determined  by  the  aircraft.  / 

6-3.  Thermal  bitches.  The  Fenwal  switch  is 
constructed  with  two  silver  contacts  mounted  on, 
but  electrically  insulated  from,  curved  nickel-iron 
struts  having  a  low  expansion  coefficient.  See  fig- 
ure 10  for -the  details  of  construction  of  the  Fen- 
wal switch.  The  contact  assembly  is  mounted  in  a 
seamless  drawn  brass  or  stainless  steel  tube  that 
has  a  high  coefficient  of  expansioa 
.  6-4.  The  Iron  Fireman  switch  is  constructed 
with  a  high-nickel  steel  rod  Ipcated  ^long  the 
centerline  of  the  tube,  with  one  end  of  the  rod 
attached  to  the  opposite  end  of  the  tube  from  the 
mounting  flange,  as'shown  by  the  cross-sectional 
view  of  the  congruction  shown  in  figure  11. 
^  The  other  en^^  of  the  nickel  steel  rod  presses 
against  a  switch  blade  so  that  it* holds  a  pair  of 
electrical  contacts  in  an  open  position.  This  as- 
sembly is  mounted  in  a  ventilated  stainless  steel 
tiibc  that  has  a  high  coefficient  of  expansion.  • 
6-5.  When  these  switches  are  subjected  to  heat, 
both  the  shell  and  the  internal  elements  will  ex- 
pand and  a  subsequent  increase  in  overall  length 
will  result,  ftowever,  the  relative  increase  in  the 
length  of  the  shell,  having  a  high  coefficient  of 
expansion,  will  be  much  greater  than  that  of  the 
internal  "elements  assembly.  The  temperature  at 
which  the  shell  expands  lengthwise  sufficiently  to 
>^llow  the  switch  contacts  to  close  is  considered 
^the  actuating  point.  ^ 

6-6.  The  maximum  tolerances  from  the  ac- 
tuating point  of  the  fire  detector  switches  which 
are  acceptable  are  as  follows:  For  switches  op- 
erating below  300°  P.,  the  tolerance  should  be 
plus  or  minus  15°  F.;  for  switches  operating, 
above  300°  P.,  the  tolerance  should  be  plus  or 
minus  25°  F.  ,  ' 
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Figure  9.  Thermal  switch  circuit. 


6-7.  Caution  must  be  observed  when  handling 
these  units  because  the  shell  is  the  actuating  mech- 
anism. The* shell  should  never  be  handled  with 
pliers  Qr  forced  into  position  either  by  hand  or 
with  tools.  Before,  during,  and  after  installation, 
precautionary  measures  must  be  taken  to  insure 
that  the  shell  is  not  dented,  distorted,  or  otherwise 


damaged.  In  addition,  caution  must  be  exercised 
in  securing  the  lockwasher  and  hex  nut  on  the 
^positive  terminal  of  the  switch.  Wbpn  securing 
tihe  terminal  nut,  a  torque  wrench  must  be  \ised. 
A  maximum  of  20  inch-pounds  torque  can  be 
applied  to  this  terminal  when  the  insert  is  con- 
structed of  alumina  (poi\;clain)  material.  Ter- 
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Figure  10.  Fenwal  thermal  switch. 
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Figure  11.  Iron  Fireman  ihcrmftl  switch. 


minali  with  inserts  of  Fibcrgias  material  will 
withstand  only  15  inch-pounds  torque. 

6-8.  Upon  installation  of  a  new  switch,  the 
outer  shell  could  be  visually  inspected  for  evi- 
dence  of  any  damage  which  could  change  the 
actuating  point  or  prevent  the  switch  from  op- 
erating. After  the  switch  has  been  put  into  opera- 
tion, it  should  always  be  kept  free  of  dirt,  dust, 
oil,  grease,  or  any  foreign  substance  which  may 
accumulate  on  the  switch  and  change  the  amount 
of  heat  required  to  actuate  the  switch. 

6-9. /The  thermal  switches  have  different  heat 
ranges,  so  that  tHey  may  be  used  in  different 
locations  jn  the  en^e  area. 

6-10.  The  heat  rang^  for  a  Type  E~2  detector 
swii^,  for  example,  is  300*^  F.  to  750*^  F., 
whefeas  the  range  for  a  Type  is^from  100*" 
F.  to  1,000^  F.  The  type  number  of  the  detector 
'  switch  can  be  located  on  the  unit's  mounting 
flange. 

6-11.  Thermal  switch  testing.  Fire  and  over- 
heat detector  switches  may  be  adjusted,  by  op- 
erating personnel,  to  apy  desired  temperature 
within  the  unit's  range  by  using  one  of  the  several 
different  models  of  calibrators  and/or  ttJsters 
available  through  normal  Air  Force  Supply 
channels.  The  following  described  procedures  arc 
based  on  the  use  of  the  Fenwal  high-temperature 
test  kit,  which  is  a  portable  testing  device  de- 
siped  to  provide  convenient  facilijies  for  adjust- 
ing or  checking  the  temperature  setting  of  thermal 
switches.  The  high-temperature  test  kit  'consists 
of  the  test  stand,  a  metal  case,  and  a  group  of 
accessories)  such  as  can  be  seen  by  referring  to 
figure  12.  The  test  stand  includes  the  base,  the 
supporting  aluminum  rod,  the  control  panel,  and 
the  test  block. 

6-12.  The  test  block  Is  designed  to  provide 
true  THERMOSWiTjCH  temperature  sellings  for 
units  mounted  from  the  top  of  the  test  block  using 
the  spcdal  therfhocouple  assembly  provided  tp 
"measure  temperatures.  For  convenience,  a  ther- 
mometer is  also  supplied  with  this  kit  and  p/o- 
visions  have  been  made  for  inserting  flange  (air- 


craft) THERMOSWiTCH  units  from  the  bottom  of 
the  test  block.  The  maximum  test  block  exposure 
^temperatures  are  1,200*^  F.  for  a  5-minute  period 
or  1,000^  F.  for  500  hours  of  operation.  The 
test  block  may  be  exposed  to  these  temperatures 
continuously  for  the  specified  period  without  detri? 
mental  effects. 

6-13.  Operating  temperatures  within  the  range 
of  800^  F.  to  1,000''  F.  may  be  obtained  by  op- 
erating the  test  uiiit  directly  on  115  volts  ac.  Ap- 
proximately 20  minutes  will  be  required  for  the 
test  block  to  reach  1,000^  F.  when  starting 
from  room  temperatures. 

6-14.  Operating  temperatures  in  the  range  of 
•100°  F.  to  800''  F^  may  be  obtained  by  using  a 
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115-volt  variable  voltage  transformer  having  a 
115-voIt,  50Q-watt  output.  The  heating  time  in 
this  case  is  dependent  oh  input  voltage  and  the 
temperature  desired. 

6-15.  When  the  thermoswitch  unit  has 
been  adjusted  to  'room  temperature  (approxi- 
mately 70®  F.)  an  approximate  temperature  set- 
ting can  be  obtained  by  rotating  the  adjusting 
sleeve  the  proper  number  of  turns  for  the  given 
unit.  The  approximate  temperature  adjustment 
rate  of  thermoswitch  units  can  be  determined 
from  the  applicable  technical  order. 

6-16,  Thermocoupir  Fire  Wahiing  Circuit  The 
thermocouple  fire  warning  system  operates  on  an 
entirely  different  principle  than  does  the  ther- 
mal switch  type.  A  thermocouple  depends  upon 
the  rate  of  temperature  rise  a/d  will  not  give  a 
warning  when  an  engine  slowly  overheats  or  a 
short  circuit  develops.  The  system  is  composed 
of  a  relay  box,  warning  lights,  ,and  the  thermo- 
couples. The  wiring  of  these  units  can  be  divided 
into  three  circl^its:  the  dettetor,  the  alarm,  and 
the  test  circuit,  as  shown  in  figure,  13.' 

6-17.  Components.  The  relay  box  contains 
two  relays:  the  sensitive  relay  (item  b)  and' the 
slave  relay  (item  a),  as  well  as  the  thermal  test 
unit  (item  c)  in  figure  13.  Such  a  box  may  con- 
tain from  one  td  eight  identical  circuits,  depend- 
ing on  the  number  of  potential  fire  zones.  For 
example,  a  four-engine  aircraft  may  use  two  relay 
boxes,  each  of  which  contains  six  identical  cir- 
cuits. This  airaaft  may  need  twelve  circuits  if 
each  engine  has  three  potential  fire  zones.  The 
warning  li^ts  are  controlled  by  the  reljiys.  In 
turn,  the  operation  of  the  relayi  is  regulated  by 
the  thermocouples  distributed  in  the  potentiaf 


fire  zones.  The  fire  detector  circuit  consists  of 
several  thermocojuples  connected  iit  series  to  each 
other  and  with  the  sensitive  relay  coil.  Figure  14 
shows  a  sectionalized  view  of  a  typical  thermo- 
couple. This  device  is  constructed  of  two  different 
metals:  chromel  and  constantan.  At  the  point 
where  these  metals  are  joined  and  will  be  ex- 
posed to  the  heat  of  a  fire,  we  have  what  is 
ca  llcd  a  hot  jUnjction.  The  thermocouple  also 
has  a  reference  junction  inclosed  in  a  dead  air- 
space between  two  insulation  blocks'.  Finally, 
there  is  a  metal  cage  to  provide  mechanical^ pro- 
tection for  the  thermocouple  without  hindering 
the  free  movement  of  air  to  the  hot  junction. 

6-18.  As  the  temperature  rises  rapidly,  tfie 
thermocouple  produces  a  voltage  because  of  the 
temperature  difference  between  the  hot  junction 
and  the  reference  junction.  If  both  junctions  are 
heated  at  the  same  rate,  no  voltage  will  result. 
In  the  engine  compartment  there  is  a  normal 
gradual  rise  in  temperature  from  engine  operation; 
because  it  is  gradual,  both  junctions  heat  at  the 
same  rate  and  no  warning  signal  is  given.  If  there 
is*  a  fire,  however,  the  hot  junctions  will  heat 
more  rapidly  than  the  reference  one.  The  result- 
ing voltage  causes  a  current  to  flow  N^ithm  the  de- 
tector circuit.  At  any  time  the  current  exceeds  4 
milliamperes  (0.004  ampere),  the  sensitive  relay, 
shown  in  figure  13,  will  close  and  complete  a 
circuit  between  the  aircraft  power  system  and 
the  coil. of  the  slave  relay.  The  slave  relay  then 
closes  and  completes  the  circuit  to  the  warning 
light,  as  showf!  in  figure  13.  The  light  flashes  on 
and  giv^es  a  visual  indication  of  fire. 

6-19.  As  previously  mentioned,  the  total  num- 
ber of  thermocouples  used  in  individual  detector 
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Figure  14.  Typical  thermocouple. 

circuits  depends  on  the  size  of  the  potential  fire 
zone  and  the  total  circuit  resistance.  The  circuit 
•resistance  should  never  exceed  Sohms.  As  shown 
in  figure  13,  the  circuit  has  two  resistors.  The  re- 
sistor connected  across  the  terminals  of  the  slave 
relay  absorbs  the  coil's  self-induced  voltage.  This 
arrangement  is  for  the  purpose  of  preventing  arc- 
ing across  the  contacts  of  the  sensitive  relay; 
these  contacts  are  so  fragile  that  they  would  burn 
or  weld  together  if  arcing  werfc  permitted.  This  is 
how  the  elimination  process  works.  When  the 
sensitive  relay  opens  (fig.  13),  it  interrupts  the 
electric  circuit  to  the  slave  relay  and  causes  the 
magnetic  field  which  is  surrounding  the  coil  to 
collapse  back  upon  itself.  When  this  happens, 
the  coil  gets  voltage  through  self-induction,  but 
since  there  is  a  resistor  across  the  coil  terminals, 
there  is  a  path  for  any  current  flow  as  a  result 
of  this  voltage.  Thus,  arcing  of  the  sensitive  re- 
lay contacts  is  eliminated. 

6-20.  For  testing  pur^ses,  an  electrically 
heated  thermal  test  unit  is  heated  by  operation 
of  the  test  switch.  The  heating  of  this  unit  fur- 
nishes a  current  in  excess  of  the  4  milliampercs 
required  for  operation  of  the  sensitive  unit  to 
actuate  the  system  and  make  the  warning  light 
come  cfQ.  .  , 

6-21.  Polarity  'check.  The  polarity  of  the  ther- 
mocouples should  be  checked  after  a  power  pack- 
age change  or  repair,  or  following  the  replace- 
ment of  assemblies  containing  all  or  part  of  a  fire 
detection  circuit.  A  fire  detection'system  tester  or 
the  lowest  amperage  or  voltage  scal6  on  the 
standard  dc  volt-ohm-milliammeter  Is  usually 
satisfactory  for  a  polarity  check.  The  positive  and 
negative  leads  of  the^meter  are  connected  respec- 
tively to  the  positive  and  negative  leads  of  the  fire 
detection  circuit  ir\volved.  Check  the  circuit  wir- 
ing diagram.  For  the  circuits  connected  to  plug 


terminals  A  and  B,  C,  D,  etc.,  the  first  lettered 
terminal  is  positive  and  the^  second  negative  in 
that  order  for  all  circuits.  Heat  the  individual 
thermocouples  in  the  circuit  successively  by  m:ans 
of  a  hot  soldering  copper  and  chick  for  meter 
deflection.  Be  careful  not  to  ground  out  the  ther- 
mocouple wiring  with  the  soldering  copper.  If  the 
polarity  is  correct,  the  meter  wUl  deflect  in  a 
clockwise  direction.  If  meter  deflection  is  coun- 
terclockwise, reverse  the  connections  on  the  ther- 
mocouple. The  need  for  a  polarity  check  is  -very 
great,  since  a  reversed  thermocouple  will  not  only 
fail  to  operate  the  system  but  it  will  have  a 
tendency  to  counteract  the  output  of  other,  cor- 
rectly connected  thermocouples. 

6-22.  Photoclcdric  Circuit  This  type  of  fire 
detection  system  uses  the  varying  resistance  of  a 
photoconductiye  cell  in  the  detector  unit  to  origi- 
nate a  fire  si^al.  The  detector  cell  (Consists  of  a 
glass  envelope,  inside  which  a  coating  of  infrared 
sensitive  lead  sulphide  is  deposited.  The  resistance 
of  the  deposit  changes  rapidly  when  exposed  to 
the  radiation  emitted  by  a  flame.  The  resistance 
of  the  cell  is  in  series  with  resistors  of  a  resis- 
tance network  in  the  power  unit.  The  network  is 
capacitance  coupled  to  the  grid  of  an  input  tube 
of  the  amplifier  section  of  the  power  unit.  The 
power  supply  of  the  power  unit  applies  a  dc  volt- 
age across  the  series  resistances.  When  ^  flame 
causes  the  cell  resistance  to  fluctuate,  a  pulsing 
dc  signal  is  fed  to  the  amplifier.  The  amplifier  is 
sensitive  only  to  signals  of  a  frequency  between 
7  and  60  cycles  per  second.  It  rejects  signals 
caused  by  radiation  from  sunlight  and  other 
sources.  If  the  input  signal  is  within  the  frequency 
range,  the  amplifier  functions  to  energize  the  two 
warning  lights  through  a  transformer.  The  light 
burns  steadily  so  that  the  warning  signal  can  be 
distinguished  from  an  overheat  warning,  which  is 
usually  a  flashing  of  the  lights.  If  the  fire  is  ex- 
tinguished, the  warning  lights  go  out  as  soon  as 
the  flame  disappears. 

6-23.  Series  limiting  resistors  in  the  resistor- 
mixing  network  of  the  power  unit  are  ananged 
so  that  an  input  cable  from  one  detector  can  be 
short-circuited  or  opened  without  interfering  with 
the' proper  operation  of  the  other  detectors,  (see 
fig.  15).  False  signals  resulting  from  moisture 
are  prevented  by  tlie  use  Qf  special  harness  for 
the  input  cables  and  by  hermetic  sealing  of  the 
power  units.  The  input  cables  ^re  also  shielded 
to  prevent  electrical  noise  from  affecting  the  sys- 
tem. 

6-24.  The  test  system  makes  a  complete  func- 
tional test  of  the  detection  system.  The  selector 
.  switch  has  positions  A  through  G,  correspond- 
ing to  detectors  A  through  G.  A  test  light  is 
an  integral  part  of  each  detector;  as  shown  in 
figure  15,  operation  of  tht  test  switch  merely 
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Figure  15.  Photoelectric  circuit 
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closes,  dc  circuits  to  energize  these  lights.  The 
dc  supplied  to  the  lights  is  pulsed  at  a  frequency 
of  10  cycles  per  second  by  an  interrupter  type 
test  relay.  The  detector  ItWs  are  highly  sensitive 
to  a  10-cycle  frequency;  therefore,  they  originate 
a  signal  in  the  same  manner  as  if  exposed  to  flame 
radiation.  The  lest  light  circuit  permits  individual 
testing  of  each  detector.  If  the  test  switch  is  posi- 
tioned at  A,  for  example,  each  of  the  Ijjghts  in 
the  five  A  detectors  starts  flashing  One  A  detec- 
tor is  located  in  each  nacelle,  and  one  is  in  the 
gas  .turbine  compressor  compartment;  therefore, 
the  lights  should  come  on  in  all  five  of  the  fire 
emergency  handles.  The  lights  in  the  three  gas 
turbine  compressor  detectors  operate  when  the 
switch  is  positioned  at  A,  B,  and  C.  The  test 
checks  continuity  of  circuits,  operation  of  the 
individual  detectors,  and  operation  of  the  five 
power  units  all  at  one  time. 

6-25.  On  some  later  aircraft  a  master  fire 
warnmg  panel,  located  on  the  pilot's  instrument 
panel,  has  been  added  to  t)ie  fire  deteejion  sys- 
tem. This  panel  was  added  so  that  a  more-notice- 
able warning  signal  would  be  given  in  case  of  a 
fire  or  overheat  condition.  The  signal  from  a  fire 
detector  is  transmitted  to  a  power  unit  in  the 
same  manner  as  that  just  discussed.  The  power 
unit  then  energizes  a  relay  which  closes  a  circuit 
from  a  fire  warning  lights  circuit  breaker  on 
th\copilot*s  circuit  breaker  panel  to  lights  in  the' 
firc\emergency  handle  and  the  ipaster  fire  warn- 
ing panel.  Tit  master  fire  warning  panel  is  com- 
mon toNjJ  five  fire  detection  systems  and  is  ener- 
gized wh5k^  any  detector  produces  a  warning 
signal  or  whVi  the  fire  detector  system  test  switch^ 
is  operated.  Apress-to-test  feature  is  incorporated^ 
on  the  master  f\re  warning  light.  When  the  master 
fire  warning  ligfll  comes  on,  the  fire  emergency 
handles  must  be  Checked  to^  determine  the  loca- 
^  tion  of  the  fire  or  overheat  condition. 

6-26.  A  Fireye  tester  with  an  oagilloscope  or 
VTVM  may  be  used  lo  help  isolate  troubles  in 
defective  fire  detection  system  circuits  of  the  pho- 
toelectric type.  The  tester  provides  e^sy  access 
to  the  power  unit  and  detector  circuit  so  that 
flight  line  maintenance  personnel  can  check  the 
fire  detector  circuit  for  continuity  and  sensitivity. 

6-27.  Operational  use  of  this  tester  is  to  de- 
termine detector  system  operation  capabilities.  A 
detector  output  signal  on  the  oscilloscope  is  de- 
termined after  selecting  a  detector  position  with 
the  test  switch  on  the  fire  emergency  control 
panel  and  turning  the  selector  switch  on  the 
tester  to  the  same  detector'  position.  To  check 
the  detector  circuit  for  electrical  interference, 

7 leave  the  test  switch  on  the  fire  emergency  con- 
trol panel  in  the  normal  position.  Select  a  de- 
V     -t      tector  position  with  the  tester  selector  switch. 

Check  the  detector  cable  for  electrical  interfcr- 
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ence  by  gently  flexing  the  cable  at  each  connector 
while  watching  the  oscilloscope  or  VTVM  for 
signs  of  interference.  Check  the  detect^ for  elec- 
trical interference  by  completely  s'^'^iflfe^^^ 
tector  from  light  and  checking  thc^^loscope 
or  VTVM  for  signs  of  interference.  Interference  ^  ' 

will  appear  on  the  oscilloscope  as  sharp  spikes 
of  irregular  length  and  frequency.  Noise  will  ap- 
pear on  the  VTVM  as  rapid  movements  of  the 
pointer. 

6-28.  Continuous  Cable  Circuit.  The  continu- 
ous cable  circuit  fire  detector  system  may  con- 
sist of  two  sensing  loops  in  each  nacelle:  one  foe- 
ward,  which  is  installed  on  the  movable  cowl 
segments;  and  one  aft  of  the  firewall,  which  is 
Mnstalled  in  the  vicinity  of  the  bleed  air  ducts  r 
and  between  the  tailpipe  and  the  shroud.  A  sep- 
arate fire  detector  control  is  provided,  for  each 
sensing  element  loop.  Test  relays,  flasher  units, 
and  control  boxes  serve  to  interpret  the  signals 
from  the  nacelle  detector  system  and  the  gas 
turbine  unit  (GTU)  fire  detector  system.  The 
warning  signal  is  then  conducted  to  the  indicator 
lights  in  the  handle  of  t1ic  engine  overheat  a 
FIRE  CONTROL  switches,  and  lo  the  master  fire 
warning  lights.  A  flashing  signal  on  these  lights 
indicates  an  overheat  condition,  and  a  steady 
continuous  illumination  indicates  a  fire  condition, 

6-29.  The  fire  detector  sensing  loops  are  made  ' 
up  of  segments  installed  around  the  cowl  and 
the  shro\id.  These  segments  consist  of  a  center 
conductor  imbedded  in  a  semiconducting  com- 
pound and  inclosed  within  a  tube.  The  outer 
tube  is  bonded  to  ground,  and  the  resistance  be- 
tween the  center  conductor  and  the  grounded 
tube  forms  one  leg  of  a  balanced  bridge  circuit 
in  the  bridge  unit.  The  semiconducting  compound 
has  a  negative  temperature  coefficient;  that  is,  as 
its  temperature  rises,  its  resistance  decreases.  A  '  *  ' 
fire  in  the  nacelle  will  cause  the  resistance  of  this 
compound  to  decrease;  and  the  current  will  flow 
from  the  center  conductor  to  ground  in  the 
sensing  loop.  When  a  fire  occurs,  the  rise  in  ^ 
ambient  temperature  causes  an  unbalance  in  the 
bridge  circuit,  as  shown  in  figure  16,  and- the  re- 
suhing  current  flow  actuates  a  relay  in  the  bridge 
unit,  completing  the  circuit  to  illuminate  the 
master  fire  warning  light  and  the  warning  light 
in  the  control  switch  handle. 

6-30.  When  the  test  switch,  also  shown  in  fig- 
ure 16,  is  placed  in  the  test  position,  it  completes 
the  circuit  to  actuate  the  fire  detector  test  relay 
and  ground  out  the  detector  loop.  This  creates 
an  unbalance  in  the  bridge  circuit,  illuminating  / 
the  fire  warning  lights.  / 

6-3  L  Let  us  discuss  the  relationship  of  the 
continuous  cable  circuits  in  a  four-engine  aircraft. 
For  reasons  of  simplicity,  figufc  16  shows  only 
one  such  circuit.  In  a  four-engine  aircraft  there 
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;  may  be  four  fire  detection'  cable  assemblies,  one  •  , 
for  each'engTnc:  Each  cable  assembly  consists  of 
^  number  of  'sensing  elements  connected  in  series 
with  each' other.  The  cables  used  in  each  engine 
nacelle  may  contain  nine  series-connected  sensing  * 
elements.  Each  cable  assembly  is'' routed  through 
'its  respective  engine  nacelle  and  around  the  en- 
gine,  following  a  path  where  fire  is  n^6st  likely 
to  occur.  Each  sensing^lement  consists  of  two 
Inconel  wires  incased  in  a  temperature-sensitive 
ceramic  material.  The  ceramic,  material  is  the 
dielectric  which  insulates  the  wires  from  each 
*      other  at  normal  tempcratyres.  One  of  the  wires 
is  connected  to  a  source  of  dc  power,  in  a  con- 
trol unit  assembly,  and  the  other  wire  is  groundeci 
to  the  connector* fittirigs  at  each  end  of  the  sens- 
ing element.  The  wires  and  ceramic  material  a^e 
incased  in  a  ^shield  made  of  Inconel,  which  is  a 
good  heat  conductor.  When  a  fire  occurs  in  one 
of  the  engine  nacelles,  the  resulting  temperature 
rise  causes  the  electrical  resistance  of  the  ceramic 
material  to  decrease.  The  decrease  in  resistance 
permits  a  small  current  to  flow  between  the  two 
wirc^  and  to. ground. 

6-32.  Each  of  the  four  fire  detection  control 
assemblies*  co^aTns  a -slngie-pole,  single-throw  re- 
-lay, and  a  three-transistor  relay  control  circuit, 
and  is  connected  to  its  respective  fire  detection^ 
cable,  fire  pull  switch,  and^a  source  of  28-volt  dc 
power.  When  a  fire  occurs  ifi  o^e^f  the  engiile 
nacelles,  the  current^  flow  to  ground  causes 'a 
switching  acuon  in  the  three-transistor  relay  con- 
trol circuit  and  closes  the  relay.  When  the  relay 
'-inside  the  control  assembly  closes,  a  circuit  is  com- 
pleted between  the  28-volt  dc  power  distribution 
panel  and  the  warning  lamp  in  the  handle  of  the 
fire  pull  switch,  causing  the  l^mp  to  light.  Ac- 
tivating the  fire  pull  switch^  also  shown  in  figure 
16,  closes  the  fuel  and  hydraulic  .valves  and  stops 
the  flow  of  combustible  liquids  to  the  engine. 

6-33.  The  fire  detection  test  switch  is  a  push- 
•button^type  switch.  When  this  switch  is  pressed, 
a  circuit  is  completed  between  t^e  28-volt  dc 
power  distribution  panel  and  the  actuating  coil 
. ,  of  ^  the  fire  detection  test  relay.  The  fire  detec- 
tion test  relay  »a  four-pole,  double-throw  re- 
*  lay.  Each  set  of  relay  contacts  is  connected  to 
*     'its  respective  fire  detection  cable  assembly  and 
fire  detection  control  assembly.  When  the  relay 
is  energized,  the  cable  assembly  in  each^  engine 
nacelle  is  grounded  to  simulate  ah  excessive  heat 
condition  to  its  respective  control  unit  .assembly. 
The  warning  lamp  in  each  of  the  four  fire  pull 
switches  will  come  on  to  indicate  satisfactory 
control  unit  operation  arid  continuity  through 
%ach  cable  assembly  (see  fig.  16). 


6-34.  Operational  checkout  of  the  continuous 
cable  detection  system  is  conducted  in  two  parts: 
(1)  the  system  checkout,  and  (2)  the  cable' as- 
sembly  checkout.  The  system  checkout  is  con- 
ducted ^each  time  a  component  of  the  system  is 
replaced.  The  cable  assembly  checkout  is  con- 
ducted ,when  a  cable  assembly  is  suspected  of 
having  had  its  resistance  value  changed.  The 
checkout  is  ccfnducted  with  the  aid  of  a  megger. 
Figure  17  shows  the  insulation  resistance  values  ^ 
of  each  sensing  element  in  each  nacelle  of  a  typi- 
cal four-engine  aircraft.  Notice  the  different  values 
of  insula.tion  resistance  in  the^  v.arious  stations  of 
each  engine  nacelle.  For  example,  station  125,  ^ 
engine  nacelle  Nr.  1,  has  a  sei^sing  element,  V 
703084,  that  has  an  insulation  resistance  of 
0.167  megohm. 

6-35.  Disconnect  the  electrical  harness  from 
sensing  elements  703084  and  706060  At  either, 
sensing  element,  connect  one  megger  lead  to  the 
center  conductor  and  the  other  megger  lead  to 
the  sheath  of  the  cable  assembly  ,with  the -megger 
set  to  the  500-voIt  output  scale;  the  megger 
should  indicate  an  insulation  resistance  value 
greater  than  0.124  megohm  for  engines  Nrs.  1, 
2,  and  3.  For  engine  Nr.  4,  the  resistance  value 
should  be  greater  than  0.247  megohm. 
'  6-36^  The^  resistance  of  the  sensing  element 
loop  is  ^determined  with  a  VTVM.  By  connecting 
one  vacuum  tube  voltmeter  lead  to  the  center 
conductor  of  sensing  element  703084  and  con- 
necting the  other  voltmeter  lead  to  the  eerier 
conductor  of  sensing  element  706060  with  the  |^ 
voltmeter  set  to  indicate  resistance,  the  VTVM 
should  indicate  a  resistance  value  of  approxi- 
mately 62  ohms  for  engines  Nrs.  1,  2,  and  3  and 
approxihiately  48  ohms  for  engine  Nr.  4. 
*  6-37.  This  concludes  th^  discussion  of  the  var- 
ious types  of  fire  and  overheat  warning  systems 
you  will  encounter  on  n:iost  aircraft.  As  far  as  the 
oveffleat  systems  are  concerned,  most  of  the  air- 
craft use  thermoswitehes  with  the  lower  temper- 
ature settings  in  the  overheat  detector  <j(|^iit. 
On  certain  aircraft  there  is  a  separate  warning 
for  an    overheat  conditioh,  while  on  other  air-  > 
^  craft  it  is  combined  with  the  fire  warning  light.  In 
these  installations  a  flashing  light  indicates  an 
overhead  condition,  whereas  a  steady  illumination 
of  the  fire  warning  light  signifies  a  fire  condi- 
tion. Next,  let's  take  up  a  typical  mister  warning 
and  caution  system.  A  typical  m'astef  warning^  * 
systepi  provides  visual  indication  of  malfunctions 
'  in'  such  systems  as  takeoff  warning,  door  warn- 
ing,  smoke   detection,  and  emergency  alarm 
systems. 
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7,  Master  Warning  and  \ 
Caution  System. 

7-1.  The  master  warning  and  caution  system 
provides  the  aircrew  with  a  visual  indication 
of  a  malfunctioning  airplane'  system.  Two  kmds 
of  malfunction  signals  are  furnished:  the  master 
warning  lamp  assembly  and  its  individual  warn-  " 
ing  lamp  assemttlies  provide  red  warning  signals, 
and  the  master. caution  lamp  assembly  and  its 
individual  caution  lamp  assemblies  provide  yel- 
low caution'signals.  The  master  warning  and  cau- 
tion sys(eift  is  equipped  with  a  ground  protection  , 
feature  that  automatically  prevents  unnecessary 
ground  operation  of  the  lamp  assemblies  by 
opening  the  lamp  ground  ^rcuits  when  external- 
power  is  applied  to  the  airplane-  An  override 
switch  is  provided  to  override  the  ground  protec- 
tion circuit  when  it  is  necessary  to  have  the  ^ 
master  warning  and  caution  system  in  operation. 
Let  us  discuss  the  components  found  in  this  type 
of  system. 

7-2.  Components.  Both  the  master  warning 
lamp  assembly  and  the  master  caution  lamp  as- 
sembly contain  three  lamps  connected  in  paralleK 
The  two  lamp  assemblies  are  connected  directly 
to  a  source  of  28.vdc  power  The  28-vdc  circuit 
to  ground  is  completed  through  the  switching  ac- 
tion of  two  point-contact  transistors,  which  arc 
an  integral  part  of  each  master  lamp  assembly, 
as  shown  in  figure  18.  The  two  lamp  assemblies 
are  identical  except  for  the  different  colored  fil- 
ters and  the  addition  of  a  time-delay  circuit  within 
the*  master  caution  lamp  assembly.  The  time- 
delay  circuit  causes  the  master  caution  lamp  as- 
scmbly  to  light  approximately  second  after 
the  individual  caution  lamp  assembly  has  been 
lighted.  • 

7-3.  Each  individual  warning  lamp  ^mbly 
and  each  individual  caution  lamp  assembly  con- 
tain two  lamps  connected  in  parallel  Each-  as- 
sembly is  connected  to  a  source  of  28-vdc  power 
through  its  own  normally  open  fault  switch.  The 
individual  fault  switch  may  be  a  pressure-oper- 
ated switch/  a  thermal  switch,  a  make-break 
contact  switch,  or  a  relay.  The  internal  circuits 
of  the  warning  and  caution  assemblies  are  identi- 
cal. . 

lA.  Light  test  relay.  The  light  test  relay,  as 
shown  in  figure  18,  is  actuated  by  pressing*  the 
MALf  &  IND  LIGHTS  TEST  Switch.  When  the  rtlay 
is  actuated,  a  circuit  is  completed  between  the 
28-volt  power  distribution  panel  and  each  of  the 
individual  lamp  assemblies.  -When  this  circuit  is 
completed,  both  master  lamp  assemblies  and  each 
individual  lamp  assembly  are  Jighted.  The  master 
warning  and  caution  system  ground  protection 
override  switch  must  be  in  wari^ing  &  caution 


IND  GROUND  CHECK  position  before  lamps  will 
li^t.  '  ,  ' 

7-5.  Dimming  relay  A  is  actuated  by  momen- 
tarily placing  the  malf  &  ind  lights  switch  in 
DIM  positron.  If  the  panel  variacs  (auloreset 
switches)  are  both  rotated  25"  clockwise  from 
the  OFF  position,  the  relay  will  hold  in  the  actu- 
ated position  after  the  dimming  switch  has  re- 
turned to  neutral  position.  When  the  relay  is 
actuated,  the  ground  is  removed  from  each  of  the 
lamp  assemblies.  The  lamps  within  each  lamp  as- 
seipbly  must  then  find  ground  through  individual  ^ 
resistors  connected  in  series  with  each  lamp  and  ' 
ground.  The  lamps  dim  as  a  result  of  the  voltage 
drops  across  each  of  the  resistors* 

7-6.  Dimming  relay  B  is  actuated  by  momen- 
tarily placing  the  malf  &  ind  lights  switch  in 
DIM  position.  If  the  panel  variacs  Are  both  ro- 
tated 25®  clockwise  from  off  position,  the  relay 
will  hold  in  the  actuated  position  after  the  dim- 
ming switch  has  returned  to  neutral  position. 
When  the  relay  is  actuated,  two  circuits  are  com- 
pleted. A  circuit  is  completed  from  the  28-volt 
power  distribution  panel  through  terminals  A2 
and  Al  of  dimming  relay  B  and  through  termi- 
nals XI  and  X2  of  dimming  relay  A.  This  is  the 
holding  circuit  for  dimming  relay  A,  and  the 
relay  remains  actuated  after  the  dimming  switch 
returns  to  neutral  position  (see  fig.  18). 

7-7.  Likewise,  a  circuit  is  completed  from  the 
28.volt  power  distribution  panel  through  termi- 
nals A2  and  Al  of  dimming  relay  B,  thrc^gh 
the  closed  contacts  of  the  switches  in  the  nght 
and  left  panel  variacs,  and  through  terminals 

■  XI  and  X2'of  dimming  relay  B.  This  is-thefhold- 
mg  circuit  for  dimming  relay  B,  and  the  relay 

■  remains  actuated  after ^  the  dimming  switch  has 
returned  to  neutral  position. 

'7-8.  There  are  two  single-pole, ,  si'ngle-throw 
autoresct  switches  shown  in  figure  18.  The  switch 
contacts  close  when  the  variacs  are  rotated  apr 
4)roximately  25^  clockwise  from  the  off  position^ 
The  tWb  switches  are  connected  in  series  with 
-  each  other.  When"  both  switches  are  closed,  tht 
^holding  circuit  for  dimming  relay  B  is  completed. 
/  7-9  The  MALF  &  iNp  lights  dimming  switch 
is   a  '  single-pole,  *do.ubU-throw,  spring-loa^dcd 
switch.  The  switch  is  held  in  a  neutral  position  by 
the  -sjirinfrloading  ttaturo^  When  the  switch  is 
momentary  placed  in  the  dim  position,  dimming 
-^relay  B  is  momentarily  actuated.  II  the  two  auto- 
reset  switches  are  dosed,  the  relay  remains  actu- 
ated after  the  dimming  switch  returns  to  neutral 
position.  When  the  .dimming  switch^is^^momentar- 
\\i  placed  in  bright  position,  a. ground  is  cstab- 
i     lished  which  causes  the  actuating  current  to  by- 
pass the  dimming  relays  and  both  relays  are 
deactuated. 
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7-10.  The  MALF  &  INQ  LIGHTS  iTEST  SWitCh  is 

a  push-to-makc  switch.  When  the  switch  i$, 
pressed,  a  circuit  is  completed  bel\yeca  the  28- 
volt  power  panel  and  the  actuating  coil  pi  the 
light  test  relay.  Wlien  this  circuit  is  completed, 
the  light  test  relay  (is  actuated  (see  fig.  18), 

7-11.  Fault  swnches.  Fault  switches'' are  as- 
sorted types  of  switches  or  circuit-closing  devices 
in  the  master  warning  and  caution  system.  They 


ate  u^ed  to  indicate  malfunctions  in  various  loca- 
tions in  the  aircraft,  such  as  in  the  anti-ice,  fuel 
pumps,  oil  low,  ac  generator,  hydraulic  pumps, 
or  canopy  unlock"  components. 

7*-12.  Master .  ^i^armng  lamp  assembly,  ^hty** 
master'  warning  lamp  assembly,  also  shown  in 
figi!^rc  18,  consists  of  an  airtight  container  with  a 
red  filter  faceplate;  three  parallel-connected  4ight 
bulbs,  and  required  circuits  to  connect  the  light 
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bul^s  to  a  source  of  28-.vdc  power.  The  mastef 
^  warning  lamp  assembly  is  lighted  when  any  one 
of  the  individual  warning  l^mps  signals  is  illumi- 
nated to  indicate  that  trouble  has  developed 
within  its  system.  When  the  master  ^faming  lamp^ 
assembly  is  lighted,  the  words  "master  warning 
PUSH  TO  reset"  appear  in  red  letters  on  the  face 
of  the  filter.  When- the  master  warping  lamp  as- 
sembly is  pushed,  the  lamp  goes  out  and  remains 
out  untfl  a  different  individual  warning  lamp 
signals  of  trouble  within  its  system. 

7-13.  Each  individual  warning  lamp  assembly 
consists  of  an  airtight  container  with  a  red  filter 
faceplate,  two  parallel-connected  light  bulbs,  and 
required  circuits  to  connect  the  light  bulbs  to  a 
source  of  28-vdc  power.  When  an  Individual 
warning  lamp  assembly  is  lighted,  the  callout  of 
the  system  in  which  trouble  has  developed;  ap- 
pears in  red  letters  on  the  face  of  the  filter. 
The  lamp  remains  lighted  ^nUl  the  trouble  within 
its  system  has  been  corrected. 

7.14.  Master  caution  lamp  assembly.  The 
master  lamp  assembly  consists  of  an  airtight  con- 
tainer with  a  yellow  filter  fac«platc,  three  paral- 
lel-connected light  bulbs,  and  required  circuits 
to  connect  the  light  bullps  to  a  source  of  28^vdc 
nower.  The  master  caution  lartp  assembly^  is 
Ughtcd  approximately  1  second  after  any  one  of 
the  individual  caution  lamp-  assemblies  signals 
that  trouble  h^s  developed  within  its  system.  The 
lime-delay  feature  and  the  yellow  filter  are  the 
only  differences  between  the  master  caution  lamp 
assembly  and  t^  master  warning  lamp  assembly. 
•  When  the  master  caution  lamp  assembly  is 
lighted,  the  words  ^'master  caution  push  to 
reset'*  appear  in  yellow  letters  on  the  face  of  the 
assembly.  When  the  master  cauUon  lamp  assem; 
bly  is  pushed,  the  lamp  goes  out  and  remams 
out  until  a  different  individual  caution  lamp  sig- 
nals trouble  within  its  system. 

7-15  The  individyal  caution  lamp  assemblies 
are  identical  with  the  individual  gaming  lamp 
.  assemblies,  except  for  the  color  of  the  filler. 
'   When  an  individual  caution,  lamp  assembly  is 
lighted,  the  callout  of  the  system  xp  which  trouble 
has  developed  appears  in  yellow  letters  on  the 
,    face  of  the  assembly.  ^ 
7-16.  Master   warning   and  caution  system 
ground  protection  override  switch.  The  master 
warning  and  caution  system  ground  protection 
override  switch,  shown  in  figlire  18,  is  a  two- 
position    /warning    &    CA^UTION    IND  GROUND 

CHfCK  and  norm)  switch  located  in  the  ground 
.   protection  circuit  between  the  external  po,wer. 
source  and  the  closing  coil  of  the  ground  protec/ 
y.  Wl 


a,  thcS( 


CAUTION  IND  GROUND  CHECK  position,  thc>clOS^ 

ing*  coil  circuit  is  opeiT  and  the  lamp  ground- 
circuits  arc  completeo. 

7-17.  The  ground  protection  relay  (fig.  18)  is 
usedito  open  the  ground  circuits  for  the  master^ 
warning  and  caution  system  lamps  when,  exter- 
nal power  is  applied  tp  the  airplane.  The  povyer ' 
for  the  closing  coil  of  the  relay,  supplied  by  the 
external  power  unit,  is  routed  through  the  ground 
protectioii  override  switch.  The  ground  protec- 
tion relay  is  deenergized  to  complete  the  ground 
circuits  for  the  lamps  when  the  aircraft  is  furnish- 
ing its  own  electrical  power  qt  when  external 
power  is  being  furnished  to  the  aircraft  and  the 
ground  protection  override  switch  is  placed  'in  the 

"V^ARNING  &  CAUTION  IND»GROUND  CHECK  pOSiUon. 

7-18.  Operation.  When  trouble  develops  within 
an  aircraft  system,  the  fault  switch  closes.  A  cir- 
cuit is  com{5leted  from  flie  28-volt  power  distri- 
bution panel  through  ^he  fault  switch,  through 
terminals  F  and  C  of  the  individual  lamp  assem- 
bly, and  through  the  normally  closed  coi\);acts  of 
the  dimming  relays  to  ground  (see  fig,  18).  When 
this  Qircuit  is  complete,  ^he  individual  lamp  as- 
sembly is  lighted.  , 

7-19.  Each  in^vidual  lamp  assembly  includes 
a  tripping  circuit  That  controls  the  voltage  to  the 
associated  master  lamp.  The  tripping  circuit  ^- 
lows  voUage  to  be  applied  i&  the  master  lam^ 
when  a  fault  occurs  in  the  airplane  System  being 
monitored  by  the  light.  The  tripping  circuit  main- 
tains the  application  of  voltage ''to  the  master 
light  until  the  fault  is  cleared  or  the  master  light 
is  pushed  to  th^  Reset  position. 

7-20.  When  fault  voltage  is  applied  through 
the  individual  lamp  to  th^^master  lamp,  the  tran- 
sistor switching  circuit  in  the  master  lamp  allows 
voltage  from  the  applicable  master  fuse  in  the 
28-volt  power  distribution  panel' to  light  the  mas- 
ter lamp  (see  fig.  18). 

7-21.  When  the  master  lamp  as^mbly  is 
plished  to  the  RE^et  position,  a  momentary  type 
switch  in  the  master  lamp  opens  the  circuit  from 
the  individual  lamp,  and  the  tripping  circuit  in  the 
individual  lamp  prevents  reapplication  of  voltage 
to  the  master  lamp  until  a  fault  develops  within  ' 
another  system.  When  another  fault  occurs,  the 
cycle  is  repealed. 

7-22.  When  the.  malf  &  ind  lights  i  test 
switch  is  pressed,  the  light  test  relay  is  actuated. 
A  circuit  is  compfeted  from  the  28-volt  power 
distribution  panel  through  the  light  test  relay  con- 
tacts to  terminal  D  of  each  individual  lamp  as- 
sembly. From  terminal  D  to  ground  the  circuit  is 
the  same  as  the,  circuit  <Ho  which  povyer  is  fur- 
'  nishef^through  the  fault  switch.  The. master 
warning  lamp  assembly,  the  master  caution  lamp 
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(see  fig.  18).  Next,  we  turn  to  the  operation  of 
the  various  circuits  that  cause  the  master  warning 
and  caution  system  to  operate. 

7-23.  Taktojf  warning  circuit  In  the  following 
discussion  refer  to  figure  19,  The  takeoff  warn- 
ing  circuit  monitors  various  systems  in  the  aircraft 
through  a  set  of  relays.  When  the  airorSffis  ready 
for  flight,  a  green  light  will  illuminate  on  the  main 
instrument  panel,  indicating  that  the  various  cir- 
cuits moDitorcd  by  the  taKeoff  warning 'system 
arc  ready  for  flight.  The  relays  monitored  by  a 
typic?!  takeoff  warning  system  are:  - the  door 
open  relay,  the  spoilers  closcd^relay,  the  thrusts 
reversers  extended  relay,  the  thrust-reversers  un- 
locked relay,  the  flap  position  takeoff  relay,  the 
horizontal  stabilizer  trim  relay,  the  essential  navi- 
.gator*s  bus  relay,  the  isolated  ac  bus  off  relay, 
and  the  isolated  ac  bus  off '  indicator  relay.  The 
flap  takeoff  positioii  relay  is  wired  to  a  flap  posi- 
*tion  Kmit  switch^  which  closes  only  when  the 
flaps  are  in  the  takeoff  position.  The  circuit  con- 
necting the  relays  with  the  takeoff  warning  indi- 
cator circuit  breaker  passes  through  the  nose 
landing  gear  position  switch.  The  circuit  is  broken 
when  the  nose  landing  gear  is  Atracted.  The  " 
automatic  flight  control  system  is  connected  into 
Ae  system  through  the  spoilers  cloJed  relay  and 
tne  essential  navigator*s  bus, relay.  The  autO|Jflot 
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must  not  6c  engaged  before  the  takeoff  Jight 
comes  on.  The  stabilizer  relay  ftiust  be  closed  by 
operating  either  the  pilot's  or  copilot's  hydraulic 
pitch  trim  control  handlo  switch.  The  door  open 
t  relay  is  mofiitored  by  the  takeoff  warning  circuit, 
so  that  if  any  of  the  doors  are  open,  the  green 
TAKEOFF  light  will  not  come  on.  The  takeoff 
light  will  not  operate  if  the  wing  spoilers  are  de- 
ployed.. The  wing  spoiler  system  is  connected  to  • 
the  .takeoff*  warning  system  through  the  Spoilers 
closfcd  relsiy.  The  thrust  reverser  system  is  con- 
^nected  to  the  takeoff  warning  system  through 
the  thrust  reverser's  unlocked  relay  and  the 
thrust  reverser's  extended  relay.  The  takeoff 
light  will  not  come  on  if  the  thrust  reversers  are 
Unlocked  or  extended.  The  takeoff  warning  sys- 
tern  monitors  the  isolated  ac  bus  and  the  navi- 
gator's essential  bus  to  insure  that  instrument 
power  is  available. 

7-24.  Smoke  detector  warning  circuit.  The 
smoke  detector  warning  circuit  is  composed  of 
a  number  of  detector  devices,  an  amplifier,  tc^t 
selector  switch,  and  wa/ning  lights.  The  detectors 
are  mounted  in  varying  parts,  of  the  cargo  com- 
partment  and  under  the  flight  deck.  Essentially, 
the  detectors  are  coipposed  of  a  light  and  a  pho- 
tocell. The  light  is  shuttered  so  that  the  beam  is 
parallel  with  the  face  of  the  photocell.  As  long  as 
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Pigure  19.  Takeoff  wtrning  circuit. 


34 


485 


the  air  is*  clear,  the  light  beam,  cannot  reairfT  the 
photocell.  The  amplifier  sen^s  a  signal  to  the 
CARGQ  SMOKE  Hghts  on'the  flight  engineer's  panel, 
and  the  annunciator  panel  that  ideiKifies  an  indi-, 
vidual  warning  circuit.  The  signal  travels  from  the 
annunciator  panel  to  the  caution  lights  on  the 
main  instrument  pane!.  If  the  a>)ility  of  the  air 
in  the  detector  to  transmit  light  is  reduced  by  - 
30  percent,,  as  in  a  fire,  light  will  be  riflectcd 
t»  the  photocell  to  send  a  signal  to  the^amplifier. 
The  amplifier  sends  a  signal  to  the  CARGO  smoke 
lights  on  the  flight  engineer's  panel  and  the  an- 
nunciator panel.  The  test  switch  in  the  circuit 
shines' a  light-^  directly  into  the  photocell  in  the 
detector,  ^hereby  ^testing  the  detector,  the  am- 
plifier, and  the  cargo  smdke  and  caution  lights. 

7-25.  Emergency  alarm  bell  and  warning  'horn 
circuit.  An  emergency  ,  alarm  bell  and  warning 
'  horn  systwn  is  provided  to  alert  all  personnel  on 
the  aircraft  if  aa  emergency  arises.  The  alarm* 
bell  and  warning  horn  circuit  consists  of  master 
alarm  bells,  slave  bells;  an  alarm  bell  switch  and 
a  warning  \\om>  A  master  alarm  bell  is  located 
in  the  control  calJin  and  controls  the  slave  bells. 
The  slave  bells  are  located  in  various  parts  of 
the  aircraft. 

7^26.  The  master  alarm  bells  must  operate  to 
provide  a  cyclic  groupid  for  the  slave  bells.  The 
/  warning' horn  is  energized  when  the  alarm,  bells 
are  turned  on.  When  the  alarm  bell  switch  is  op- 
erated. 28  volts  dc  is  supplied  to  the  alarm  bells 
and  warning  horn  from  the  battery  relay  and 
circuit  breaker  panel.  A  capacitor  is  shunted 
across  \he  terminals  of  each  master  alarm  bell 
to  prevent  arcing  at  the  bell  contacts. 

7-27.  Door  warning  circuit.  The  door  warning 
circuit  is  providecf  to  warn  the  pilot  if  the  crew 
entry-^or  or  cargo  door  is  not  properly  secured. 
The  circuit  consists  of  warning  switches  actuated 
by  the  doors,  warning  lights,  and  a  circuit 
breaker  on  the  main  circuit  breaker  panel.  When 
all  the  doors  are  closed  and  latched,  the  warning 
switches  are  all  open  and  there  is  no  ground  for 
the  warning  light  circuit.  With  power  on  the  air- 
plane buses,  the  door  warhing  light-will  conie  on 
"if  any  of  the  doors  are  not  closed  and  latched. 

7-28.  The  door  warning  cirfcuit  has  a^door 
,  locked  limit  switch  that  indicates  the  closed  con- 
dition  of  the  entry  door.  With  the  door  open, 
the  switch  contacts  are  closed,  supplying  a  ground 
to  the  DOOR  NOT  LOCKED  indicator,  causing  the 
light  to  illuminate.  In  some  cases^when  the  door 
is  closed,  it  must  be  latched  to  give  a  door 
locked  indication.  Another  switch  in  parallel  with 
the  door  locked  limit^switch  is  required  to  be 
actuated  by  the  latch  mechanism  in  order  to  turn 
off  the  warning  light.  For  example,  if  a  crew  door 
is  in  the  closed  but  not  latched  position,  the 
warning  light, will  remain  on  until  the  latch  switch 


is  actualed.  On  some  aircraft  this  is'accomplished 
by  pushing  in  the  crew  door  and  placing  the  lower 
handle  in  the  up  position.  With  the  handle. in  the  ► 
UP  position,  ^he  door^  latched  and  the  latch 
switch  plunger  is  depressed  by  the  actuator  arm 
attached  tolhe  torque  bar.  This  opens  the  ground 
circuit  ^^oVided  by  the  switch  and  turns  off  the 
wamingiight.  Foldout  5  shows  the  door  warn-  » 
ing  circuits  of  af  typical  cargo  type  aircraft.  These 
door  warning  circuits  are  equipped  with  door 
not  locked  indicators  that  may  be  located  in  the 
'/flight  station  as  w^ll  as  in  the  cargo  compartment.  * 
They  are  as  follows: 

'    •  CREVV  DOOtf  NOT  LOCKED  light 
^  RAMP  NOT  LOCKED  light 

•  CARgo  DOOR  system  ARMED  light 

•  PRESSURE  DOOR  r#)T  LOCKED  light 

•  PETAL  DOORS  NOT  LOCKED  light 

•  LH  IVLOOV  DOOR  NOT  LOCKED  light  ^ 

•  RH  TROOP  DOOR  NOT  LOCKED  light 

'  •  STABILIZER  ACCESS  DOOR  NOT  LOCKED  light 

7-29.  As  shown  Sn  foldout* 5  the  indicators 
will  illuminate  wheij  their  respective  limit^witches 
complete  a  circuit  to  ground.  ^Troubleshooting 
these  circuits  will,  be  discussed  later  in  this  chap- 
ter^ 

7-30.  Some  aircraft  ma7,  have  a^  pilot's  and 
copilot's  paradrop  and  ADS  (air  drop  system) 
indicator,  panels.  Th^se  indicators  "»e  listed  be- 
low: 

•  EXTERNAL  CL  light 

•  INTRANSIT  light 

•  PRESS  OPEN  light 

•  PARA  OPEN  light-  .  " 

•  PETAL  OPEN  light  ,  * 

7-31.*  The  EXTERNAL  CL  light  is  illuminated 
'  When  the  petal  doors  or  auxiliary  pjctal  doors  and 
ramp  are  closed  and  locked.  This  light  remains 
illuminated  until  the  pressure  door  is  closed  und 
locked.  The  intransit  light  is  illuminated  when 
the  pressure  door  locked  limit  switch  is  actuated 
by  unlocking  the*  pressure  door.  This  light  stays 
illuminate;!  until  the  ramp  and  petal  doors  are 
completely  open  and  the  all-open  relay  is  ener- 
gized. When  this  relay  energizes,  the  ground  side 
of  the  circuit- is  broken  and  the  light  is  extin- 
guished. The  AUX  OPEN  light  is  illuminated  when 
'    the  auxiliary  petal  doors  and  the  ramp  have 
reached  the  end  of  travel  and  the  all-open  relay 
is  energized.  The  circuit  is  grounded  through  the 
all-open  relay  and  the  light  is  illuminated.  The 
PETAL  OPEN  light  is  illuminated  Vhen  the  petal 
doors  and  ramp  have  reached  the  end  of  their 
travel  and  the  all-open  relay  is  energized.  The 
circuit  is  grounded  through  the  all-open  relay, 
and  the  light  is  illuminated.  The  position  of  the 
DOOR'  SELECT  SWITCH  on  the  pilot's  paradrop 
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and  ADS  panel  determines  whether  the  aux  open 
light  or  thOETAL  open  light  is  illuminated. 

7-  32.  The  crew  door  interphone  panel  in- 
cludes an'  ARMED  light,  an  intransit  light,  and 
an  ALL  OPEN  light.  The  armed  light  is  illuminated 
when  the  door  arming  switch  on  the  pilot's 
paradrop  and  ads  panel  is  positioned  ,to  arm. 

*The  INTRANSIT  .light  is  illuminated  when  the  pres- 
sure door  locks  are  actuated  to  the  unlock  posi- 
tion, and  it  remains  "Illuminated  until  the  all- 
open  relay  is  energized  llTWWK  the  circuit.  The 

'  ALL  OPEN  light  is  illuminated  when  the  ail-open 
i-elay  Is  energized.' The  all-open  relay  is  ener- 
gized'when  tl^e  pressure  door,  ramp,  and  petal 
doors  or,  auxiliary  petal  doors  are  open  to  the 
desired  positions.  While  we  are  in  this  area,  let's 
discuss  a  typical  bailout  warning  system.  4 

8.  Bailout  Warning  System  s 

8-  1.  The  bailout  warning  system  provides  the 
^pilot  with  a  means  of  communicating  with  each 

crcwmember.  Each  crewmerobcr  has  an  amber 
alert  signal  light,  controlled  by  the  pilot,  which 
provides  ^a  flashing  alert  signal  indicating  that 
bailout  m^  become  necessary.  Also,  there  is  a 
red  warning  signal  light  that  illuminates  when 
bailout  is  ordered.  When  the  cre^  has  ejected 
signal  light  comes  on,  it  tells  the  pilot  that  all  the 
crewmembers  have  ejected.  The  electrical  circuits 
that  are  associated  with  these  lights  are  called  the 
>  bailout  alert,  bailout  warning,  ejection  indication, 
.  and  mayday  capability  control.  In  the  follo,wing 
discussion,  refer  to  figure  20  for  the  bailout 
warning  circuits. 

8-2.  Alert  Circuit*  The  bailout  alert  circuit 
Contains  a  switch,  amber  signal  lights,  and  a 
flasher  unit.  When  the  bailout  switch,  located  in 
the  pilot's  station,  is  placed  in  alert  position,  a 
circuit  is  completed  from  a  28-vdc  power  distri- 
bution panel,  through  the  switch,  and  through 
the  flasher  unit  to  each  of  the  parallel-connected 
alert  signal  lights.  The  lights  flash  on  and  off  as 
long  as  the  bailout  switch  remains  in  alert  po- 
sition. The  flasher  unit  causes  the  bailodt  alert 
lights  to  flash  on  and  off  at  the  rate  of  approxi- 
mately 40  cycles  per  minuto. 

8-3.  Warning  Cfa*ctiit.  The  bailout  warning  cir- 
cuit contains  a  switch  and  red  signal  lights.  When 
the  bailout  switch  located  in  the  pilot's  station  is 
placed  i^  the  bailout  position,  a  circuit  is  com- 
pleted from  the  28-volt  power  distribution  panel 
through  the  switch  to  each  of  tha  warning  lights. 
The  lights  come  on  and  rem^in^n  as  long  as  the 
bailout  switch  is  in  bailout  position. 

8-4.  Indipition  Circuit.  The  ejection  indication 
circuit  contains  switches  and  an  indi6ation  lamp 
assembly.  When  the  crewmembers  eject,  the 
switches  are  closed,  establishing  a  circuit  between 


the  28-volt  power  distribution  panel  ' and  the  mdi- 
cation  lamp  assembly.  These  are  plunger-oper- 
ated, double-pole,  double-throw  switches. 

8-5.  Mayday  Capability  Control.  When  the 
bailout  switch  or  the  alert  switch  is  positioned  to 
the  BAILOUT  or  alert  position,  the  aircraft  may-  • 
day  relays  are  actuated.  On  aircraft  with  escape 
capsules  installed,  the  mayday  relays  are  also 
actuated  when  any  one  of  the  capsule  doors'  is 
closed.  Actuation  of  the  i^yday  relay  will  turn 
on  the  emergency  communication  equipment  in 
the  aircraft. 

8-6.  When  the  bailout  and  alciit  switches  are 
posjtioned>/to  off,  the  mayday  relays  are  de- 
actuated  and  operation  of  all  systems  is  returned 
to  the  original  configui^tion.  »  . 

8-7.  If  it  should  be  necessary  to  eject  from  the  / 
aircraft,  the  pilot's  ejection  indication  switch  wil/ 
be  deactuated  when  the  pilot  ejects.  -When  th(p 
ejection  indication  switch  is  deactuated,  circuits 
are  completed  to/provide  mayday  functions  plus 
continuous  radio  carrier  transmission  to  allow 
additional  time  for  ground  stations  to  estabhsh  a 
"fix"  on  the  pilotless  aircraft. 

8-  8.  This  concludes  the  discussion  on  wafning 
circuits.  We  have  mentioned,  in  general,  several 
types  of  warning  systems.  Refer  to  the  applicable  ^ 
TO  for  , operational  and  troubleshooting  checks 
on  a  particular  warning  circuit^  * 

9.  Troubleshooting  the 

Warning  Circuits  4 

9-  1.  Normally  all  aircraft  have  some  type  of 
warning  system.  The  more  modern  aircraft  have 
•  what  is  known  as  a  master  warning  and  caution 
system,  and  some  of  the  multi  crew  aircraft  will 
also  have  a  bailout  warning  system.  These  are  the  ' 
two  systems  that  will  be  discussed  in  this  section'. 

9-2.  Master  Warning  and  Caution  System. 
The  troubleshooting  procedure  fpr  the  master 
warning  and  caution  system  is  based  on  the  re- 
sults of  an  operational  checkout. -Suppose,  for  ex-' 
ample,  that  one  or  more  individual  lamp  assem- 
blies do  not  light  when  the  malf  and  ind  lights 
test  switch  is  pressed  (closed).  Refer  again  to 
figure  18  for  circuits  on  the  master  warning  and„ 
caution  system.  Looking  at  figure  18,  you  can 
see  that  a  probable  cause  could  b^  that  the 
bulbs  were  burned  out.  If  the  bulbs  are  bad, 
replace  them.  Another  possible  cause  may  be  a 
defective  lamp  assembly.  With  the  bulbs  removed 
from  the  lamp  assembly  and  the  test  switch  de- 
pressed, there  should  be  28  volts  dc  at  each  bulb 
socket.  If  28  vohs  dc  is  present  at  pin  D  and 
zero  volts  present  at  each  socket  (see  fig.  18), 
then  the  lamp  assembly  is  defective  and  should 
be  replaced  or  repaired.  Another  malfunction 
might  be  as  follows:  during  an  operational  check 


ERIC 


36 


4S7 


UATOAV 


lAHOOT 


lAKOUT 


tXCTtON 
INDICATION 


ooo« 

CLOUD 


tusm  m 


•*utw  nn 


A-q   I  ^«  1 


J     CJltW  HAS 

utcno 


fUn  UKTWi 
SWTOI  - 


rr; 


w  tn  OM  nA 

U<TWt 


ir*'T— O' 
,o,L-(T)i 


UKT1M  ' 

MDianoH 

SWfTOI 


ULI«T  W 


JJ  —4  ^ 


_  JCMW 


onr 


cttw 

CAnULATtD 


1 

If 

10 


»  )IAIIOOT  LT 


£3 


c«w 

iW  ^ 


ffl  m  WVM 


^  PUSH  TO  TIST  $W 

'iDlAH.OOT  LT 


C«W  A 

CAnuLATio  Zu 
sw 


\n  m  IN 

UKTIM 
MUONNia 


lUOUT 


Oft  STA 


I  A.c.^  (V)|. 


I       I  A.O.'  (  ,  ] 


II' 


CSe  7^80 


Figure  20.  Bailout  warning  circuit. 


37 


lUfT  UMI 

l«  sn 

Oft  su 

RiOIOMa  KUT 


MAYDAY 
ttlAY 


ERLC 


48d 


you  discover  that  the  master  caution  lamp  as- 
sembly does  not  'light  when  the  malf  and  ind 
LIGHTS  test  switch  is  pressed.  'As  shown  in  figure 
18,  there  are  many  probable  causes.  A  fuse  may 
be  blown  because  of  a  short  circuit  or  a  hot  wire 
grounded.  The  light  bulbs  may  be  burned  out,  or 
there  may  be  an  open  circuit  between  compo- 
nents. Now  refer  again  to  foldout  5  "Dopr  Warn- 
ing Circuit. Looking  at  this  diagram,, you  will 
notice  that  limit  switches  open  or  close  a  circuit 
to  ground.  Let  us  consider  anothtr  symptom  and 
the  probable  causes.  Suppose  the  crew  door 
NOT  LOCKED  warning  light  will  not  ^go  on.  A 
faulty  resistor  in  the  center  fuselage  J  box  may 
be  the  cause.  If  placing  the  light  control  on 
BRIGHT  makes  the  light  come  on,  then  the  resis- 
tor is  faulty  and  should  be  replaced.  Another 
cause  could  be  a  faulty  door,  warning  lights  relay. 
If  the  lights  do  not  come  on  or  are  dim  when  the 
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control  is  placed  to  bright,  the  relay  is  faulty 
and  should  be  replaced. 

9-3.  Bailout  Warning  System.  Troubleshooting 
tlie  bailout  warning  system  may  be  apcom'plished 
by  the  use  of  a  PSM-6  multimeter  or  an  equiva- 
lent piece  of  test  equipment  that  mdicates  voltage  - 
and  continuity.  Figure  20  illustrates  a  typical  bail- 
out warning  system,'  Suppose  that  none  of  the 
amber  bailout  alert  lights  operate  when  the  bail- 
out alert  switch  is  placed  in  the  alert  position"^ 
(bulb  check  good).  By  referring  to  figure  20,  let 
us  begin  by  checking  the  fuse.  If  the  fuse  is 
blown,  it  is  very  possible-  that  there  is  a  short 
circuit  (/r  ground  in  the  wiring  between  the 
bailout  alert  fuse,  and  the  lights.  Another  cause 
may  bf  an  open -circuit  in  the  wiriftg.  Continuity* 
should  exist,  and  there  should  be  no  shorts  or 
grounds.  If  no  (.continuity  exists,  theij  check  the 
bailout  alert  switch,  fuse,  flasher,  and  wiring. 
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CHAPTER  4 


Fuel  Systems 


THE  FUEL  SYSTEM  is  one  of  the  major  air- 
craft systems.  The  operation  o^  the  aircraft 
depends  largely  upon  an  uninterrupted  ftrel  sup- 
ply. The  number  of  electrical  components  used 
in  a  fuel  system  necessitates  a  very  thorough 
understanding  of  system  operation  as  well  as 
component  function  by  electrical  maintenance 
personnel. 

10.  Main  Fuel  Systems 

1 0-1.  The  information  presented  in  this  sec- 
tion provides  you  with  the  knowledge  required 
for  you  to  maintain,  troubleshoot,  and  repair  the 
fuel  system  control  circuits  and  the  control  system 
components.  A  mulliengine  fuel  system  has  been 
selected  for  this  discussion  because  this  system 
contains  many  components  that  will  be  found  in 
other  types  of  Air  Force  aircraft. 

iO-2.  System- Components*  Control  of  the  fuel 
system  is  accomplished  through  the  use  of  various 
switches  and  indicators  located  on  the  fuel  man- 
agement panel  and  the  auxiliary  panel,  shown  in 
figure  21.  In  the  discussion  to  follow,  all  refer- 
ence to  component  operation  will  be  to  num- 
bered switches  on-these  two  panels. 

10-3.  Boost  pump^.  In  all  there  are  32  boost 
pumps  used  in  this  fuel  system.  There  are  4 
pumps  in  each  main  tank  for  a  total  of  16,  and 
16  more  pumps  are  located  in  the.  various  auxil-  ' 
iary' tanks.  Both  main  tank  boost  pumps  and  aux- 
iliary tank  pumps  are  controlled  by  switches  lo- 
cated on  the  ifuel  management  panel  (fig.  21). 
Four  guarded  toggle  switches,  marked  mains  1, 
2.  3  and  4,  control  m^in  tank  boost  pumps.  By 
placing  a  main  tank  boost  pump  switch  in  the  on 
position,  all  four  pumps  in  that  tank  will  start  ^ 
simultaneously  and  supply  fuel  to  an  engine. 

10-4.  The  auxiliary  fuel  pumps  are  controlled 
by  flow  control  switches  on  the  fuel  management 
panel.  The  fuel  flow  control  switches  are  of  the 
rotary  type  and  control  both  the  feed  valves  and 
the  auxiliary  pumps  associated  with  the  selected 
tank  ^ 

10-5.  All  boost  pumps  are#<iriven  by  115/ 


20Cr-volt,   400-cycle,  three-phase   ac  induction 
motors.  The  boost  pumps  are  not  repaired  at  the  ' 
local  level.  They  must  be  returned  to  the  depot 
for  overhaul  where  the  proper  test  equipment  Isi 
available) 

10^6.  Fuel  valves.  There  are  several  types  of 
varv(ej^  used  in*  a  fuel  system.  Basically  there  are 
thre©  types  of  fuel  valves  used  in  the  system  un- 
der discussion:  motor-driven  sliding  gate,  motor- 
driven  plug,  *^nd  float  type  control  valves. 

10-7.  The  fire  shutoff  valves  are  motor-driven 
3liding-gate-type. valves.  Each  valve  is  provided 
with  an  indicator,  located  on  the  valve,  to  pro- 
vide a  visual  means  of  checking  the  valve  posi- 
tion  during  operational  -xhedks  or  when  per- 
forming system  maintenance.  The  valves  are 
individually  controlled  by  a  microswitch  actuated 
by  throttle  linkage  and  by  the  fire  shutoff  switch. 

10-8.  The  cross  feed  valves  ate  motor-driven 
rotary-plug-type  shutoff  valves.  These  valves  are 
powered  by  dc  from  the  aircraft  bus  through  the 
flow  control  switches.  The  flcJW  control  switches 
are  located  on  the  fuel  management  jianel.  A 
crossfeed  valve  is  also  provided  with  an  indicator 
located  on  the  actuator.  The  switches  for  the 
crossfeed  valves  are  numbered  9,  10,  11  and  12 
on  the  fuel  management  panel. 

10-9.  The  auxiliary  tank  engine  feed  control 
valves  are  rotary  plug^  type  val^ves  and  are  num- 
bered 13,  14,  15  and  16  on  the  fuel  management 
{ianel.  The  valves  are  powered  by  dc  motors. 
When  these  valves  are  operated,  two  main  boost 
.pumps  in  the  main  tanks  will  be  deenergized  to 
reduce  main  tank  output,  thus  insuring  auxiliary 
fuel  flow  to  an  engine.  ^ 

10-10.  The  system  is  also  provided  with  two 
motor-driven  sliding-gate-type  valves  called  inter- 
connect valves.  These  valves  a%)w  the  left  wing 
and  aft  body  tanks  to  be  connected  to  the  right 
wing,  mid  body  and  the  forward  body,  tanks.  The 
interconnect  valves  are  controlled  by  switch  num- 
ber 29  on  the  fuel  management  panel.  These 
valveslare  open  during  refueling,  defueling,  and 
^  fuel  tr^sfer  operations.  ^ 
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10-11.  A  main  refuel  valve,  located  in  the  re- 
fuel manifold  downstream  from,  the  air  refueling 
and  single-point  refueling  r^t:eptacles,  isolatc^^the- 
refuel  manifold  from  the  main  fuel  manifold.  The  ^ 
refuel  valve  4s  a  sliding 'gate  type  valve  normally 
operated  electrically,  anji  is  controlled  by  the  re- 
fuel valve  switch  on  the  .auxiliary^  refuel  system 
panel.  For  emergency  operation,  the  valve  may 
'be  controlled  through  a  cable  system  by  a  refuel 
valve  emergency  control  kwci.  The  valve  incor- 
porates both  open  and  plosc  limit  'switches  to 
control  valve  movement  and  operates  a  Gl  type 
indicator  located'  on  the  refuel  system  panel. 

10-12.  The  defuel  valve  is  a  motor-driven 
gate  type  valve  controlled  by  the  defueU  switch 
on  the  auxiliary  refuel  system  panel.  The  defuel 
valve  switch  is  guarded  to  the  closed  ^bsition 
and  is  also  marked  ground  and  emergency 
USE  ONLY.  The  defuel  valve  is  used  to  defuel  the 
fuel  tanks  through  the  single  point  refueling  re- 
ceptacle. 

10-13.  Fuel  level  control  valve.  Each  fuel 
tank  is  provided  with  on€  dual  fuel  level  control 
valve,  excepting  the  ,Nrs.  1  and  4  tanks,  the  out- 
board wing  tanks,  and  the  %ft  body  tank,  which 
are  provided  with  two.  The  purpose  of^each 
valve  is  to  admit  fuel  into  each  tank  during  fuel 
servicing  and  to  shut  off  fuel  flow  automatically 


when  the  tank  is  full,  either  by  weight  or  volume 
Fuel  can  also  b^  shut  off  at  any  level  less  than 
full  when  the  fuel  flow-  control  switches  are 
moved  to  a  closed  position  or  the  master  refuel 
switch  to  OFF  position.' The  valves  are  normally 
held  closed  by  spring  action  against  the  primary 
diaphragm  (fig.  22).  To  open  the  valve  with  fuel 
gr^ure  in  the  main  manifold  and  the  valve  in 
the  closed  position,  all  three  solenoids  must  be 
energized  and  all  three  pilot  valves  must  be 
opened.  Failure  of  either  poppet  valve  or  any 
one  pilot  valve  to  open  should  prevent  tiie  valve, 
from  opening.  Moving  the  fuel  flow  control 
switch  for  tiic  affected  valve  to  refuel  position 
should  cause  the  primary  and  secondary  poppet 
valves  and  tiie  lockout  pilot  valve  to  open.  When 
-fuel  trapped  in  both  float  chambers  is  drained, 
gravity  acting  on  each  float  should  cause  the  pri- 
mary and  secondary  pilot  valves  to  open.  Fi- 
nally, when  the  three  pilot  vsdves  and  two  pop- 
pet valves  are  all  open,  the  incoming  fuel  pressure 
lifts  the  primary  diaphragm  and  holds  tiie  valve 
open.  The  valve  may  then  remain  open  until 
both  floats  ^  are  actuated  by  the  rising  level  of  fuel 
in  the  tank. 'Both  floats  should  act  to  close  their 
respective  pilot  valves  whenever  the  tank  fuel 
/  level  risc^  to  witiiin  2.10 \±  0.25)  inches  of  the 
fuel  level  control  valve  moxmting  pad.  Both  floats 
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Figure  22.  Fuel  level  control. 
41 


ERLC 


493 


/ 


rUCL   HAANAGCMCNf  SW 
AUX.  TANK 


ERIC 


3^  POWER  C.ft 


VALVC  c^tH 


^yg^  DIMMER 

MANAGCMCNT 
INDICATOR 
C.I. 


VALVC  CUOSCO 


STCAOr    AMtCII  ClftMT 
'  VALVC  -CtOSlP  - 


csi  rits 


NO  FLOW 
FLASHER 


I  NO  rua 


-L 


ReruELi  r 

VALVE  ^ — 


FUEL  TANK 


FUEL 
PUMP 


Figure  23.  Fuel  flpw  indicating  system. 


,  arc  actuated  at  the  same  level.  Hence,  the  valve 
is  ^dual-float  but  not  dual-level"  actuated;  When 
the  fuel  level  control  Valves  are  closed  by  float 
actuation,  the  tank  is  full  by  volume;  however, 
such  a  condition  may  never  occur,  depending 
upon  the"  temperature  an<f  density  of  fuel  being  ^ 
loaded.  All  fuel  level  corftrol  valves  are,  con- 
nected in'scrjes  with  a  switch  located  in  the  fuel 
quantity  indicator*  for  that  tank  between  the 
valves  and  electrical  po^Ver  source.  When  the  fueU 
quantity  indicator  pointer  for  any  tank  reaches 
the  red  line,  the  switch  opens,  causing  the  af- 
fected tank  valves  to  close.  Q 

10-14.  Fwe/  flow  indicating  system.  A  fuel 
flov(  indicating  system  (see  fig.  23)  provides  aij 
indication  of  no  fuel  flow  for  each  auxiliary  fuel 
lank  by  flashing  the  associated  amber  fuel  flow . 
indicator  light  on  the  fuel  iystem  j)anel.  The  sys- 
tem consists  of 4a  fuel  flow  indicator  switch  and 
an  amber  indicator  light  for  each  auxiliary  tank 
dihd  an  eight-channel  electronic  flasher  The  indi- 
catin^g  system  is  energized  by  placing  the  corre- 
sponding auxiliary  tank  fuel  flow  control  switch 

*  to  the  FUEL  FEED  position. 

10-15.  Th^  fuel  flow  indicator  switch  is  line 
mounted  in  the  fuel  manifold  for  each  auxiliary 
tank.  Since  the  manifolds  are  routed  through^the 

.fuel  tanks  or  cells,  the  sv^itches  operate  sub- 
merged in  fuel.  The  flow  indicator  switch  incor- 
porates a  swing  flapper  which  permits  fuel  flow 
in  both  directions  foriuel  feeding  or  refueling. 


When  fuel  flaw  causjfs  the  flapper  to  be  move3  in 
the  direc^tion  of  pun/p  discharge  flow,  a  normally 
closed  micro^witch  is  opened.  When  the  flapper 
is  in  the  vertical  no-flow  position  or  when  it  is 
moved  in  the  direction  of  refuel  flow  the  micro- 
switch  remains  closed  and  provides  a  ground  cir- 
cuit for  the  associated  channel  of  the  no  fuel  flow 
flasher  unit.  As  the  boost  pump  discharge  flow 
increas^es,  the  swing  flapper  should  cause  iHe 
microswitch  to  open  at^  a  flow  rate  above  800 
pounds  per  hour  and  close  at  a  flow  r^te  beloW 
800  pounds  per  hour.  *  ^ 

10-16.  .An  eight*channcl  electronical^  con- 
'  trolled >^no  fuel  flow  flasher  indicates  fuel  flow 
conditions  in  the  auxiliary  fuel  system.  When  a 
no-flow  or  revcrse:flow  condition  exists,  the 
no-flow  indicator  switch  provides  a  ground  cir-  . 
cuit  to  a  channel  of  the  electronic  flasher.  As  a 
result,  the  flasher  provides  an  intermittent  ground 
for  the  amber  fuel  flow  indicator  light  on  the 
fuel  system  panel  adjacent  to  each  auxiliary  tank 
fuel  quantity  indicator.  If  a  channel  of  the  flasher 
is  energized  by  placing  the  corresponding  auxil- 
iary taiik  fuel  flow  control  switch  to  fuel  feed 
position,  the  intermittent  ground  provided  by  the 
flasher  will  cause  the  indicator  light  to^  cycle  on 
and  OFF  at  a  rate  of  40  to  100  times  per  minute. 
When  normal  fuel  flow  is  resumed,  the  fuel  flow 
indicator  switch  removes  the  ground  signal  from 
the  flasher  channel,  and  the  channel  returns  to 
the  monitoring  condition. 
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10-17.  A  dual-purpose"  fuel  flow  indicator 
amber  light  for  each  auxiliary  tank  is  located  on 
the  fuel  system  panel  adjacent  to  the  associated 
fuel  quantity  indicator.  Thrf' light  ^flasheslo  indi- 
cate a  no-fuel  flow  condition  during  ^uei  feeding 
and  glows  steadily  to  indicate  closed  fuel  level 
control  valvesj  during  refueling.  Brightness  of  the 
indicator  ligh/  is  controlled  by  the  dimmer  con- 
trol unit  Nr.  2.  The  auxiliary  tank  fuel  flow  con- 
trol switch  energizes  the'  no-flow  indicating  circuit 
when  placed  in  fuel*feed  position  and  activates  • 
the. fuel  level  control  valve  closed  indicating  cir- 
cuit when  placed  in  refuel  position. 

10-18.  Boost  pump  pi^essure  checkout  system. 
The  boost  pump  pressure  checkout  system  pro- 
vides a  means  of- ground  checking  individual 
boost  pumps  in  both  the  main  and  auxiliary  tanks 
to  be  sure  that  the  pump  discharge  pressure  at 
no-flow  is  wfthin  the  permissible  range.  The  sys- 
tem consists  of  a  green  indicator  light,  a  control 
switch,  and  alpress-to-relieve  switch  on  the  fuel 
system  panel  and  a  pressure  checkout  pressure 
switch,  a  solenoid' valve,  and  a  check  valve.  The 
electrical  schematic  for  the  system  is  shown  in 
figure  24.  Since  the  boost  pump  pressure  check- 
out switch  samples  pressure  from  the  engine  fuel 
crossfeed  manifold,  pressure  from  the  boost 
pump  to  be  checked  must  be  routed  to  the 
crossfeed  manifold  by  opening  the  required  con- 
trol valves.  Individual  boost  pumps  are  checked 
by  pulling  and  resetting  the  boost  pump  control 
circuit  breakers. 

10-19.  A  dual-pressure  siitch  contains  two 
independent  switches  which  arS^ctuated  at  dif- 
ferent fuel  pressures  by  a  single  diaphragm.  The 


switch  tor  the  main  tank  boost  pump  is  set  to 
close  the  circuit  to  the  green  pressure  checkout 
indicator  light  on  the  fuel  system'  panel  at  10 
(±  1)  psi  fuel  pressure  and  to  open  when  the 
pressure  drops  to  6  psi.  The  switch  for  the  auxil- 
iary tank  boost  pumps  closes  at  24  (i:  1 )  psi  and 
opens  at  a  rninimum  pressure  qf  19  psi. 

10-20.  A  three-position  toggle  switch  on  the 
fuel  system  panel  may  be  t^ositioned  to  select  and 
energize  the  desired  micKoswitch  in  the  dual 
pressure  switch.  The  switch  has  main<  off,  and 
AUXiLiA^  positions.  In  the  main  pp^sition  the  in-^ 
dicator  light  is  controlled  by  the  low  pressure 
(10  (i:  1)  psi)  switch  and  is  u\^d>while  checking 
the  dischar^  pressure  of  the  main  tank  boost 
pumps.  In  AUXILIARY  position  the  high-pressure 
(24  (±  1)  psi)  switch  is  used  to  check  the  dis- 
charge pressure  of  the'^  auxiliary  tank  boost 
punlps.  When  the  switch  is  in  the  off  position, 
the  checkout  system  is^deenergized.  . 

10-21.  A  solenoid  type  drain  valve  is  used  to 
relieve  the  pressure  in^  the  crossfeed  manifold 
after  the  checkout  of  each  pump  (sec  fig.  24). 
The  24-vdc  solenoid  valve  is  controlled  by  the 
press-to-relieve  button,  on  the  fuel  system  panel. 
The  solenoid  valve  control  circuit  is  energized 
and  protected  by  the  fuel  pump  pressure  check- 
out circuit  breaker.  When  the  pJress-to-relieve 
button  is  pressed,  the  solenoid  Valve  opens;  and 
fuel  from  ythe  crossfeed  marrtfold  is  routed 
through  a  cfteck  valve  into  Nr.  2  main  tank. 

10-22.  ^ing  tanks  level  warning  system.  A 
red  indicator  light  located  adjacent  to  each  ex- 
ternal tank  fuel  quafitity  indicator  is  provided  to 
warn  the  pilot  of  an  unsafe  level  of  fuel  in  the 
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Figure  24.  Fuel  boost  pump  presjure  checkout  system. 
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ouibourd  wing  and/or  external  tanks.  The  indi- 
cating system  is  controlled  by  cam-actuated  safe 
level  switches  contained  within  the  fuel  quantity 
4pdicaiors.  The  switches  for  the  external  and  out- 
board y/ing  tanks  open  the  electrical  circuit  when 
the  fuel  quantity  in  the  tanks  is  above  safe  level. 
Jhc  switches  (for  the  main  tanks)  close  the  elec- 

1^  irical  circuit  when  the  fuel  level  in  the  Nrs.  1 
and  4  main  tan^cs  is  above  30  percent  of  tank 
capacuy  and  the  level  in  Nrs,  2  and  3  main  tanks 
IS  abcve  50  percent  of  tank  capacity.  A  green 
band  }n  the  main  tank's  fuel  quantity  indicators 
designates  the  range  at  which  the  safe  Icvd 
switches  open  the  electrical  circuit.  Operation  or 
both  ihe  left  and  right  wmg  tanlc  level  yarning 
lights  .s  identical.  For  example,  power  to  the  left 
wing  tankievel  warning  light  is  routed  in  paral- 
lel through  the  safe  lev,el  switches  in  the  fuel 
quanti.y  indicators  for  the  external  and  outboard 
wing  tanks  and  through  the  auxiliary  tank  fuel 
control  switches  Nrs.  17  and  18  when  in  the 
FUEL  FEED  position.  After  passing  in  parallel 
througn  these  four  components,  the  power  is 

,  routed  in  parallel  through  the  safe  -h^vel  switches 
in  the  Nrs*  1  and  2  main  tank  fuel  quantity  in- 
dicators and  to  the  left  red  indicator  light.  Since 
power  must  pass  through  one  of  the  main  tank 
fuel  quantity  indicators,  the  red  warning  light 
cannot  glow  under  any  condition  when  both  in- 
dicators are  in  the  safe  level  (green  band)  range. 
With  the  maii  tanks  serviced  above  the  safe 
level  range,  the  •red  warning  light  will  glow  to 
indicate  an  unsafe  fuel  load  (if  the  external  and 
outboard  wing  tanks  are  not  serviced  to  a  safe 
level)., The  red  warning  light  will  glow  to  indi- 
cate unsafe  fuel  use  if  either  the  external  tank  or 
the  outboard  wing'  tank' fuel  control  switch  is 
placed  in  fueu  feed  position  while  the  Nr,  .1 
or  2  main  tanks  contain  fuel  above  safe  level. 
Operation  of  the  right  wing  tank  level  warning 
hght  is  iden^^al. 
^  .10-23.  Operation.  Basic  fuel  system  operation 
is  pretty  much  the  same  for  all  types  of  aircraft. 
It  is*a  matter  of  understanding  the  correct  se- 
quciicc  of  operation  for  each  particular  type  of 
aircraft.  In  this  section  of  this  chapter  we  will 
discuss  various  subsystem  operations.  This  dis- 
cussion will  provide  you  with  the  knowledge  nec- 
essary to  determine  if  the  system  is  functioning 
correctly.    ^  *     ^  » 

Engine  feed  c/Vcwyl  External  power 

.  should  be  connected  to  the^^rcraft  and  engines 
I  and  2  started.  Main  tank  Nr.  1  toggle  switch  is 
placed  in  the  on  position.  All  four  boost  pumps 
in  tank  Nr.  1  start  and  supply  fuel  to  engines 
1  and  2.  ^ 

10-25.  Fuel  will  be  fed  directly  from  the  aft 
body  tank  to  engines  I  and  2  by  the  use  of  the 
following  procedure.  Locate  switch  Nr  28  on  the 


J 


fuel  management  panel  (see 'fig.  ^1 ).  On  the  face 
of  the  switch  is  an  arrow.  Place  the  switch  so  th^t 
.the  arrow  points  away  from  the  fuel  quantity 
indicator  for  the  aft  body  tank.  Ai>  th^  ^switch  is 
turned,  the  boost  pumps  in  the  aft  body  tank 
will  start  and  supply  fuel  pressure^  to  valve  Vr. 
13.  Place  switch  Nr.  13  so  that  the  white  line 
on  the'facc  of  the  switch  4ij)|ks  up  with  the  white 
flow  line  on  the  fuel  management  panel.  Fuel 
will  now  be  fed  from  the  afi  body  tanVto  en- 
gines 1  and  2.  When  Switch  Nr.  13^  turned, 
two  boost  pumps,  in  the  main  tank  wifl  be  de- 
cnergized, 

10-26.  As  the  fuel  supply  in  the  aft  body  tank 
begins  to  run  low,  the  amber  light-  next  to  its 
'  fuel  "quantity  indicator  will  begin  to  flash.*  This 
tells  the  crew  that  the  aft  body  tank  is  no  longef 
^  feeding  fuel  and  should  bt  turned  off.  and  a  new^ 

tank  selected  {o  feed  fuel  to  the  engines. 
^  10-27.  At  this  oojnt  fuel  will  be  fed  from  the 
'  forward  body  tank  to  engines  1  and  2.  Locate 
switch  Nr.  25  and  turn  it  so  that  the  arrow  points 
a\^y  from  the  tank.  This  will'cause  pumps  in  the 
forward  body  tank  to  start  pumping  fuel.  Follow  ' 
the*'flow  line  down  to  switch  Nr.  29.  This  switch 
must  be  turned^jo  that  the  Hne  on  the  face  of  the 
switch  l4ncs  up  with  the  flow  line  on  the  manai:e- 
ment  panel  (sec  fig,  21)''.  This  will  cause  valve 
29  to  open  and  allow  fuef  to  be  fed  to  engines 
1  and  2  through  valve  Nr.  13,  which  is  already 
turned  to  the  open  position.  When  the  forward 
body  tank  fuel  flow  drops  below  800  pounds, 
the  amber  light  for  the  forward  body  tank  will 
flash,  indicating  that  the  tank  is  no  longer  feeding 
fuel,  and  switch  Nr.  25  should,  be  turped  off. 
10-28.  Fyel"  should  not  be  fed  from  the  out- 
'  board  wing  tanks  or  external  tanks  unless  the 
main  tank  quantity  indicators  are  in  the  green 
band  range.  If  fuel  is  pumped  from  these  tanks 
with  main  tanks  above  the  green  range,  ^the 
red  wing  tank  warning  light  will  come  on,  indi- 
Ibating  an  unsafe  wing  loading  condition.  This 
'condition  can  also  be  caused  during  the  r(^*r^  - 
operation.  From  this  explanation  it  can  be  seen 
that  fJel  can  be  routed  many  ways  depending 
on  the  position  of  the  switches  located  on  the 
fuel  management  panel.  It  will  be  necessary  to 
use  the  TO  when  working  on  th.e  fuel  system 
for  information  as  to  component  operation  and 
wiring  data. 

10-29.  Single-point  refueling  circuits.  When 
the  aircraft  is  to  be  refueled  on  the  ground,  the 
single-point  refueling  receptacle  located  in  the 
left  forward  wheel  well  is  used,  with  a  fuel  line 
connected  to  the  receptacle,. the  master  switch  is 
placed  in  the  on  position  and  the  refuel  valve 
control  switch  is  placed  in  the  open  position. 
(See  fig.  21.)  This  will  allow  fuel  under  pressure 
'^tbN»entcr  the  refuel  manifold.  Switch  Nr.  29  must 
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now  be  placed  in  the  open  position  (white  line 
on  the  face  of  the  switch  must  line  up  with  the 
fuel  flow  line  on  the  management  panel)  so  that 
the  left  \ying  and  aft  body  tanks  can  be  refueled. 
Assume  that  main  tank  Nr.  1  is  to  be  refueled. 
Switch  Nr.  19  must  be  turned  to  aline  the  line  on, 
the  switch  with  the  fuel  flow  line  on  the  man- 
agement panel.  This  will  allow  fuel  flow  control 
valve  19  to  open  and, cause  fuel  flow  to  tank 

Nr.  1.  ,  '    A  /  ^ 

10-30.  When  switch  Nc  19  iijbpcrated,  power 
will  be  applied  from  the  master  refuel  switch 
through  switcfhes  Nr.  19,  then  through  the  fuel 
qudhtity  indicator,  to  energize  th^  primary  and 
secftidary  solenoids  in  the  fueHllevel  control 
vaKe.  allowing  it  to  open.  (See  fig.  22.)  At  the 
sanje  time,  a  <:ircuit  will  be  completed  through 
switch  Nr.  19  to  the  amber  light.  With  the  valve 
open  and  fuel  flowing  through  the  valve  into  the 
tank,  the  amber  light  will  be  out.  As  the  tank 
reaches  the  full  mark,  the  floats  will  close  their 
respective  ports  and  fuel  pressure  will  close-  the 
valve.  The  amber  light  will  come  on,  indicating- 
to  the  crew  that  tank  Nr.  I  is  full  and  that  switch 
Nr.  19  should  be  closed.  The  amber  light  for  the 
main  tank  does  not  flash  at  any  time. 

10-31.  To  refuel  an  auxiliary  tank,  place  the 
switch  for-  the  tank  to  be  refueled  so  that  the 
arrow  on  thc^  switch  poinfe  to  the  quantity  indi- 
cator for  that^tank.  (See  fig.  21.)  When  the 
auxiliary  tank  B  full,  the  valve  will  close  and  the 
amber  light  will  comb  on,  indicating  that  the  tank 
is  full  and  that  switch  for  that  tank  should  be 
turned  off.  It  must  be  remembered  at  this  point 
that  the  fuel  level  control  valve  will  close  as  a« 
result  of  a  definite  weight  or  volume  of  fuel  and 
cause  the  amber  light  to  come  on. 
•  10-32.  Fuel  level  control  valve  checkout  s^^' 
cuit.  With  the  master  refuel  switch  in  the  on  posi- 
tion, locate  the  refuel  level  checkout  switch  on 
the  same  panel,  place  it  in  tl^e  primary  position, 
and  with  fuel  pressure  in  the  manifold,  select 
tank  Nr.  2  and  place  switch  Nr.  20  in  the  open, 
position.  This  will  cause  the  primary  chamber  to 
flood.  The  float  will  then  close  its^  port,  and  fuel 
pressure  will  close  the  valve.  The  amber  light 
will  come  on,  indicating  that  the  primary  side  of 
the  valve  cheqks  correctly.  (See  fig.  22.)  To 
check  the  secondary  sj^de  of  the  valve,  place  the 
refuel  level  checkout  switch  in  the  secondary 
posifion.  This  will  cause  the  secondary  chamber 
to  flood.  The  secondary  float  will  close  its  port 
and  cause  the  fuel  pressure  in  the  manifold  to 
close  the  valve.  Again  the  amber  light  will  come 
on.  indicatmg  that  the  secondary  side  of  the  valve 
is  correct. 

10-33.  When  external  fuel  pressure  is  used  to 
perform  the  fuel  level  control  valve  checkout,  it 
will  be  necessary  to  place  the  refuel  ^alve  switch* 


in  the  open  position.  The  fuel  flow  control 

'switches  for  the  exteriial  and  outboard  wing 
tanks  have  spring-loaded  guards  to  ?ecug  the 
switches*  in  the  off  position  and  prevemnnad- 
verteiit  operation.  This  is  necessary  because  the 
fuel  loadtn  these  tanks  affects  wing  loading. 

10-34.  Boost  pump  pressure  checkout  circuit,  , 

*The  fuel  system  is  provided  with  a  boost  pump 
pressure  checkout  circuit  to  determine  that  the 
pump  dischai^ge  pressure  at  no-flow  for  the  main 
tank  and  auxiliary  tank  boost  pumps  is  within 
permissible  range:  The  control  switch  for  the 

"p?essure  checkout  circuit  is  located  on  the  co- 
pilot's side  of  the  forward  instrument  panel.  The 
switch  is  a  three-position  toggle/ switch  marked 
"MAIN,"  "OFF,"  and  '*AUX."  The  control  switch 
for  the  solenoid  valve  marked  "press^to  re- 
lieve" is  located  on  the  copilot^s  side  of. the 
forward  in%{rument  panel.  The  green  pressure 
check  light  is  located  next  to  switch  Nr.  10  on 
the   fuel   management   panel   and   is  marked 

"pump  pressure  OiECKOjJT.r      ^     '  / 

10-  35.  When  the  '  pump  pressure  "checkout 
switch  is  placed  in  the  Main  position  and  fhe  cir- 
cuit breakers  for  pumps  4,  6,  and  7  are  opened, 
then  the  control  switch  for  tank  Nr.  1  should  be 
placed  in  Jhe  ON  position  and  switch  N  r.  1 0 
placed  to  ^e  open  position.  If  pump  Nr.  5  is 
putting  out  iTs  rated  pressure,  the  green  light 
will  come  on  (see  fig.  23).  ^ 

n.  Air  fueling  Circuits  .[ 

11-  I.  Mahy  USAF  aircraft  are  provided  with 
an  air  refueling  system  to  permit  takeoffs  with 
smaller  gross  weights,  and  once  airborne,  to  ex- 
tend the  range  of  operation  by  replenishing  the 
fuel  tanks  from  a  flying  boom-equipped  tanker 
aircraft. 

11-2.  System  Componepts.  The  air  refueling 
system  consists  of  a  signal  amplifier,  control 
panel,  control  swit^ches,  'emergency^  disconnect 
switches,  three  indicator  lights,  slipway  lighting 
systems,  and  an  air  refueling  receptacle.  The  air 
refueling  system  can  be  operated  manually  6t 
^automatically  "by  the  pilot  or  copilot.  . 

I  1-3.  The  signal  amplifier  is  the  heart  of  the 
air  refueling  circuit,  and  is  actually  an  electronic 
three-position  switch.  Each  time  a  signal  is  sent 
to  pin  F  of  the  amplifier,  it  switches  to  the  next 
position.  The  three  positions  are  ready  for  con- 
tact, CONTACT  Made,  and  disconnect. 

I  1-4,  The  induction  coil,  locatecMn  the  air  re- 
'  fueling  receptacle,  couples  the  receiver  aircraft 
signal  circuit  to  the  tanker  aircraft  signal  circuit. 
Any  disconiiect  signal  from  the  tanker  or  re- 
ceiver  aircra/ft  will  be  transferred  through^e  in- 
duction co^,  and  an  automatic  discontlWt  will 
take  place. 
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11-5.  The  slipway  door  control  valves  are 
^solenoid-actuated  hydraulic  valves.  The  valves 
control  the  slipway  door  hydraulic  actuatprs.  The 
,  normal  slipway  door  control  valves  receive  hy- 
draulic pressure  from  the  left  body  hydraulic 
system.  Tl^  altefnate  slipway  door  control  valves 
receive  hydraulic  pressure  from  the  right  body 
hydraulic  system. 

11-6.  A  solenoid-operated  sHpway  drain  valve 
iS' provided  for  the  drainage  of  residual  fuel  after 
air  refueling  is  accomplished  'and  the  slipway 
doors  are  closed.  When  the  slipway  doors  are 
closed  and  the  air  refueling  relay  is  deenergized, 
the  drain  valve  opeos  and  drains  residual  fuel 
from  the  slipway  and  receptacles. 

11-7.  The  tWo  toggle  control  valves  are  sole- 
noid-operated and  are  mounted  on  the  hydraulic 
panel  located  to  the  left  of  <fte  air  refueling  re-, 
ceptacle.  The  normal  toggle  control  valve  is  ac- 
tuated by  the  air^  refueling  circuit,  and  the  alter- 
nate toggle  control  valve  is  actuated  by  a  manually 
controlled  toggle  latching  switch  on  the  air  re- 
fueling panel. 

11-8.  A  fuel  pressure  disconnect  switch,  1^ 
catcd  in  the  cabin  refuel  maijifold  scavenge  sys- 
tem sealed  box  at  Xh6  single-point  refueling 
receptacle,  is  accessible  from  tne  forward  wheel 
well.  The  pressure  switch  providfes^a  disconnect 
signal  to  the  signal  amplifier  and  the  lapkcr  when- 
ever fuel  pressure  exceeds  69  dr  3  psi.  The 
switch  is  leak-proof  and  explosion-proof. 

Operation.  When  the  master  switch  is  in 
the  ON  position  and  the  slipway  doors  arc  closed 
and  locked,  the  amber  light  (not  shown)  will  be 
on.  When  the  normal  slipway  door  control  switch 
is  placed  in  the  open  position  and  the  sigrtal  am- 
plifier power  switch  in  the  nc/rmal  position, 
power  ^ill  be  supplied  to  the  open  solenoid  of 
the  nornjal  slipway  door^hydraulic  control  valve 
and  through  the  signal  amplifier  power  switch  to  ' 
pin  A  of  the  signal -amplifier.  As  the  slipway  door 
opens,  the  latch  limit  switches  will  actuate  and 
the  shpway  doors  closed  and  locked  amber 
light  will  go  out.  The  normally  open  latch  limit 
switches  remove  power  'from  the  slipway  door 
relay  and  the  amber  light  when  the  slipway  dodrs 
open.  The  sigpal  amplifier,  energized  through  pin 
A,  supplies/voltage  from  pins  C  to  ijje  slipway 
door  opei/finiii  swilchesi  from  pin  E  to  the  nor- 
mally offen  toggle  shaft  limit  switches,  and  from 
pin  H  to  the  normally  open  plunger  limit  switch. 
When  the  doors  reach  the  fully  opened  position, 
the  slipway  door  Apen  limit  switches  (see  figure 
25)  actuate  and  cause  the  ready  for  contact 
blue  light  to  come  on.  The  air  refueling  system  is 
now  ready  to  receive  the  tanker  boom. 

11-10.  When  the  tanker  boom  nozzle  seats  in 
the  air  refueling  receptacle,  the  nozzle  actuates 
the  plunger  limit  switcl^  completing  the  circuit 


from  pin  H  of  the  signal  amplifier  to  the  hydrau- 
lic toggle  latching  normal  control  valve  jSnd  the 
contact  made  green  light.  As  the  toggte  ^afts 
rotate  to  the  boom  latched  position,  the  tcj^gle 
limit  switches  are  actuated.'  As  a  result,  pov/^t:^s 
supplied  from  pin*  E  of  the  amplifier  through  t]tt 
actuated  toggle  limit  switches  to  pin  F  on  the 
amplifier.  This  places  the  amplifier  in  the  contact- 
made  condition,  removing  power  from  pins  C  and 
E,  causing  the^EADY  blue  light  to  go  out.  In  the 
contact-made  ^ndition,  the  signal  amplifier  sup- 
plies voltage  from  pin  J  to  one  toggle  limit  switch 
and  from  pin  H  through  the  plunger  limit  switch 
to  the  contact  green  light.  The  boom  is  now  in 
place,  and  fuel  can  be  transferred  from  the  tanker 
to  thft  fuel  tanks  in  the  receiving  aircraft. 

11-11.  A  disconnect  signal  to  pin  F  of  the  - 
signal  amplifier  can  be  caused  by  any  one  of  the 
following  conditions: 

•  Actuation  of  the  disconnect  switches  on  the 
pibt's  or  copilot's  control  wheel. 

•  Actuation  of  a""  disconnect  signal  by  the 
tanker  boom  operator  through  the  signal  coil  in 
the  refueling  receptacle.  . 

•  Excessive  fuel  pressure  in  the  refuel  cabin 
marjifold,  wmch  causes  the  pressure  disconnect 
switch  to  actuate. 

•  A  break  in  corflSct  between  the  boom  noz- 
zle and  receptacle,  causing  the  toggle  sha^fts  to 
rotate  and  actuate  the  toggle  limit  switch  to  the 
unlatched  position. 

•  When  excessive  movement  of  either  the  re- 
ceiver or  tanker  aircraft  causes  the  tanker  boom  * 
to  exceed  envel^ope  limits,  a  disconnect  signal  is 
initiated  by  the  tanker  signal  system. 

11-12.  When  a  disconnect  signal  is  received  at 
pin  -F  of  the  signal  amplifier,  the  amplifier  is 
placed  in  the  disconnect  position  and  the  discon- 
nect amber  light  will  come  on.  Power  is  re- 
moved from  pin  H,  deenergizing  the  toggle  nor- 
mal control  valve,  and  the  contact  green  light 
will  go  out.  With  the  toggles  released,  the  dis- 
connect signal,  transferred  to  the  tanker  through 
the  induction  coils,  causes  the  tanker  refueling 
boom  to  retract  and  the  disconnect  is  completed. 

1M3.  Momentarily  pressing  the  signal  ampli- 
fier reset  button  on  the  air  refueling  panel  re- 
moves power  from  the  signal  amplifier  and  places 
the  amplifier  in  the  ready-for-contact  condition. 
The  DISCONNECT  amber  light  will  go  out  and  the 
.READY  blue  light  will  com^^on.  The  signal  ampli- 
fier may  also  be  retu^,4;ri^  the  rcady-for- 
contact  condition  by  placing  ty^Crl^master  refuel 
switch  momentarily  in  the  oPV,  then  back  to  the 
ON  position. 

11-14.  After  air  refueling  is  completed  and  a 
di$connect  has  been  made,  the  slipway  doors 
are  closed  by  placing  the  normal  slipway  door 
switch  in  the  close  position.  When  the  doors 
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Figure  25.  Ajr  refueling  control  system. 
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/close  and  latch,  the  latch  limit  switches  will  actu- 
ate, energizing  the  slipway  door  relay  and  caus- 
ing the  SLIPWAY  DOORS  CLOSED  AND  LOCKED  am- 

bcr  light  to  come  on.  The  energized  slipway  door 
relay  opens  the  holding  circuit  for  th^  normal 
air  refueling  relay,  deenergizing  the  close  sole- 
♦  noid  of  the  slipway  door  control  valve.  When  the 
master  refuel  switch  is  placed 'in  the  off  position,^^ 
power  is  removed  from  the  air  refueling  control 
panpl,  and  the  slipway  doors  closed  and 
LOCKED  amber  light  will  go  out. 

1^  Fuel  Scavenge  Circuits 

12-1.  Two  separate  fuel  scavenge  systems  are 
provided  to  remove  fuel  trapped  Jin  the  refuel 
(cabin)  manifold  and  main  maonold  after  the 
aircraft  has  been  refueled  either'^y  air  refueling 
in  flight  or  single-point  refueling  on  the  ground. 
The  cabin  manifold  is  forward  of  the  refuel 
valve,  and  the  main  mainfold  is  aft  of  the  refuel 
valve.  Scavenged  fuel  from  the  cabin  manifold 
is  returned  to  main  tank  Nr.  2,  and  main  mani- 
fold scavenged  fuel  is  returned  to  main  tank 
^    Nr.  3. 

12-2.  System  Components.  The  scavenge  sys- 
tems consist  of  a  scavenge  pump,  shutoff  valve, 
float  switch,Jind  a  control  switch  and  amber  in- 

v  dicating  lights  located  on  the  copilot's  side  of 

\  the  forward  instrument  panel. 

The  scavenge  pumps  are  115-vac*^  capacitor 
motor-driyen  pumps  with  output  of  approxi- 
'  mately  2  gallons  per  minute.  The  scavenge  pump 
for  the  cabin  mariifohi  is  located  inside  the  scav- 
enge systembaJi^hich  surrounds  the  single- 
point  X£6**fiSgreccpta<;le  in  the  forward  wheel 
well.  main  manifold  scavenge  pump  is  lo- 
cated below  the  center  wing  tank  in  the  forward 
side  of  a  fuel  and  vaportight  equipment  shroud. 
12-3,  Each  fuel  scavenge  pump  is  controlled 

^  directly  by  ajk^t  switch  located  in  the  scavenge 
drain  line.  The  float  switch  is  an  inclosed  unit 
'containing  a  magnetic  type  float  in  a  fuel  cham- 
ber and  a  single-pole,  double-throw,  normally 
open  switch  in  the  sealed  upper  chamber.  When 
the  switch  closes,  the  pump  control  relay  should 
be  energized  and  the  scavenge  pump  will  operate, 
provided  the  fuel  scavenge  control  switch  is  in 
either  cabin  or  main  position. 

12-4.  The  cabin  manifold  shutoff  valve  is  lo- 
cated downstream  of  the  float  switch  in  the  scav- 
enge drain  line.  The  valve  is  a  normally  closed, 
solenoid-operated,  gate-type  valve.  Operation  of 
the  *alve  is  controlled  by  the  adjacent  float 
switch. 

'12-5.  The  main  manifold  shutoff  valve,  lo-, 
cated  upstream  of  the  float  switch,  is  a  normally 
closed,  solenoid-operated,  shuttle-type  valve.  The 
valve  \yill  open  when  the  scavenge  system  con- 


trol switch  is  moved  td  the  main  position  regard- 
less of  the  float  switch  position. 

12-6.  Operation*  The  scavenge  systep  control 
switch  is  a.  three-position  switch.  Three  positions 
are  cabin,  off,  and  main.  Placing  the  switch  in 
the  CABIN  position  should  produce  no  results 
whatsoever,  unless  the  refuel  manifold  scavenge 
float  switch  contains  fuel.  If  the»  float  switch  con- 
tains fuel,  moving  the  control  switch  to  the  ca^bin 
position  should  energize  the  refuel  manifold 
scavenge  shutoff  valve.  The  amber  fuel  in  mani- 
fold liglit  adjacent  to  the  control  switch  should 
come  on  when  the  manifold  contains  fuel  (and 
tii^><jiaster  refuel  switch  is  in  the  off  position), 
regardless  of  the  control  swijtch  position.^J^e 
shutoff  valve  should  remain  open,  the  pump 
should  operate  continuously,  and  the  light  should 
stay  on*  as  long  as  fuel  is  present  in  the  float 
switch  or  until  the  scavenge  system  control  switch 
is  moved  Ip  the  off  position  or  the  master  refuel 
switch  is  placed  in  the  refuel  position. 

12-7.  When  the  scavenge  control  switch  is/^ 
placed  in  the  main  position,  the  main  scavenge 
shutoff  valve  should  open  regardless  of  the  float 
switch,  and  the  fuel  in  main  manifold  light 
should  come  on  regardless  of  whether  the  main 
manifold  contains  fuel  or  not.  A  seconds 
later,*  if  the  main  manifold  contains  fuel,  the  ris- 
ing fuel  in  the  float  switch  float  chamber  should 
cause  the  flpat  switch  to  close,  energizing  the 
pump  control  relay  which  in  turn  will  energize 
the  interlock  relay.  When  this  occurs,  the  scav- 
enge pump  will  operate  continuously.  The  shut^ 
off  valve  will  remain  open,  and  the  fuel^n 
Main  manifold  light  should  stay  on  until  all  fuilV 
i^rdmoved  from  the*float  switch  float  chamber. 
When  the  float  chamber  is  emptied,  the  float 
switch  contacts  will  open,  causing  the  pump 
control  relay  to  be  deenergized,  the  shutoff  valve 
to  close,  ancj  the  fuel  in  main  manifold  light 
to  go  out.  The  scavenge  system  control  switch 
shoul<}  be  returned  to  the  off  position.  To  be 
sure  the  main  manifold  is  completely  scavenged, 
the  scavenge  systdm  control  switch  should  be  re- 
turned to  the  off  position  to  deenergize  the  in- 
terlock relay  and  then  return  to  -the  main  posi- 
tion again  to  cause  the  shutoff  valve  to  reopen. 
If  the  scavengQ  pun^p  is  energized  by  this  action, 
the  pump  is  pumping  fuel  away  from  the  float 
switch  faster  than  gravity  flow  can  refill  the  float 
switch  float  chamber. 

12-8.  The  same  condition  may  exist  in  the 
cabin  refuel  manifold  scavenge  system;  however, 
the  recycling  will  probably  occur  automatically 
provided  the  scavenge  system  control  switch 
remains  in  the  cabin  position.  In  either  scavenge 
system  recycling  is  undesirable,  and  the  source 
of  difficulty  should  be  located  and  corrected. 
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CHAPTER  5 


V  Power  Plant  and  Related  Control  Circuits 


THE  POWER  PLANT  is  a  very  important 
part  of  the  aircraft.  Without  it  the  aircraft 
would  never  leave  the  ground.  The^m'oje  you 
know- about  the  power  plant  the  easier  your  job 
*  will  be  to  maintam  the  systems  you  are  respon- 
sible for.  We  do  not  intend  to  make  an  engine 
mechanic  out  of  you.  However,  we  would  like  to 
equip  you  with  enough  knowledge  to  be  an  out- 
standillg  electrician. 

2. '  To  start  an  engine,  electric  power  is  needed. 
Bothnhe  starter  and  ignition  system  depend  on  , 
sufficient  electric  power  at  the  conect  time.  Once 
the  engine  is  running,  certain  conditions  must 
be  maintained;  these  will  be  our  major  concern 
in  this  chapter.  ' 

3.  Points  of  discussion  will  include  the  starter 
systems,  auxiliary  components,  ignition  systems, 
and  some  related  power  plant  control  systems. 
A  thorough  knowledge  of  the  systems  covered 
in  this  chapter  will  mike  you  a  b^ter  electrician. 
This  is  what  the  Air  Force  is  looking  for.  To  get 
things  started  we  will  discuss  the  starter  system. 

13.  Starter  Systems 

i3-l.  If  you  study  your  job  description  in 
A^M  39-1,  you  will  learn  that,  you  are  required 
yfo  maintain  and  repair  starter  systems  and  com- 
/  ponents.  This  means  that  you  must  be  completely 
'  familiar  with  the  operation  of  both  dc  and  ac 
starters  as  well  as  fuel-air  and  pneumatic  starters. 
Since  it  is  very  probable  that  you  will  be  re- 
quired to  work  on  jet  engine  systems,  this  chap- 
ter will  give  you  the  knowledge  necessary  to 
troubleshoot  or  perform  opct^tional  checks  on  a 
variety  of  jet  engine  systems. 

lS-2.  Your  duties  as  an  aircraft  elecf^cian 
also  require  you  to  maintain  starters  and  actua- 
tors. You  must  be  able  to  test  these  units  after 
overhaul  or  repair,  so  you  must  be  familiar  with 
the  procedures  to  be  followed  in  using  the  test 
equipment.  Let  us  start  the  discussion  with  dc 
starters. 

13-3.  DC  Starters.  As  you  learned  earlier  in 
this  volume,  a  motor  is  a  device  that  changes 
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.electrical  epergy  into  mechanical  energy.  Now, 
let's  see  how  dc  motors -are  used  with  en^ne 
starters. 

13-4.  Direct  current  starters  use  series  motors 
because  they  have  high  starting  torque.  You  will 
recall  that  series  nfctgrs  are  advantageous  for 
applications  m  which  there  can  be  widely  varying  * 
loads  and  extreme  speed  changes.  In  case  you/  » 
memory  needs  refreshing,  let  us  briefly  review  a  \ 
few  facts,  about  series-wound  dc  motocs;  You 
will  see  immediately  how  well  suited  they  are  for 
use  as  starter  motors.  _ 

13-5.  In  the  scries  grotap,  as  you  recall,  the 
field  and  the  armature  are  connected  in  series 
and  the^samc^  current  passes  through  both.  This 
last  point  is  an  important  one  to  remember,  If  the 
load*  causes 'a  change  of  current  through  the 
=  armature,  it  also  affects  the  current  in  the  field 
coils.  Up  to  the  point  of  saturation  of  iron,  the 
field  flux  is  almost  directly  proportional  to  the 
armature ^unent.  The  equation* for  torque  is: 

T  =  KI2 

(T  stands  for  torque,  K  for  circuit  constant,  and  I 
for  the  armature  current).  Thus,  in  a  series  motor 
the  torque  produced  is  proportional  to  the  square 
of  the  armature  cunent:  if  the  armature  cunent 
is  doubled,  the  torque  is  quadrupled.  For  ex-  ' 
ample,  if  the  torque  is  40  foot-pounds  at  25  am- 
peres, at  50  amperes  it  would  be  160  foot- 
pounds. From  this  simple  problem  you  can  note 
that  because  the  torque  rises  very  rapidly  as  the 
current  increases,  a  series  motor  is  particularly 
useful  when  a  high  starting  torque  is  requu"cd. 
How  do  these  facts  apply  to  turning  an  engine? 

13-6.  As  the  motor  starts,  before  it  has  built 
up  any  cemf,  the  current  is  high  and  so  is  the 
resulting  torque  juit  at  the  same  time  it  is  ihost 
needed.  However,  it  should  be  pointed  out  that 
armature  reaction  and  saturation  of  the  iron  both 
tend  to  prevent  the  torque  from  increasing  as 
rapidly  as  the  square  of  the  cunent,  as  sh^n  in 
the  torque  curve  in  figure  26.  To  take  just  one 
Sfemplc  of  the  figure,  observe  that  if  you  check 
the  torque  at  5  amperes,  you  fmd  it  to  be  3.5 
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foot-pounds.  But  at  10  amperes  the  torque  is 
12  foot-pounds  instead  of  having  quadrupled  to 
14  foot-pounds. 

13-7.  So'  much  for  the  torque.  But  how  about 
the  speed  of  a  series  motor?  How  is  it  going  to 
be  affected  by  the  varying  field  flux?  For  the 
answer,  it  is  necessary' to  review  a  few  points 
about  electric  motors.  If  the  load  on  a  series 
motor  goes  up,  so  docs  the  current  flow  through 
it.  To  allow  this  additional  current  to  flow,  the 
motor  cemf  must  go  down.  If — and  that  is  a  big 
IF — the  field  flux  remained  constant,  the  neces- 
sary decrease  ^n  cemf  could  be  brought  about 
by  a  slight  reduction  in  speed,  as  is  the  case 
with  the  shunt  motors.  The  flux,  however,  does 
not  remain  constant  but  increases  almost  propor- 
tionately to  the  armature  current.  That  is,  if  you 
double  th^  load,  you  practically  double  the  field 
flux.  Hence,  you  must  decrease  the  speed  still 
further  to  make  up  for  this  increase  in  flux. 

13-8.  On  the  other  hand,  as  the  load  on  a 
series  motor  is  reduced,  the  field  flux  decreases. 
The  motor  speed,  must  now  increase  in  order  to 
generate  the  required  cemf.  Therefore,  when 
there  is  no  load  on  the  series  motor  and  the 
field  flux  is  very  low  or  almost  zero,  the  speed 
rises  to  a  dangerous  point.  In  fact,  the  motor 
may  be  damaged  if  it  runs  so  fast  that  the  arma- 
ture coils  are  thrown  out  of  their  slots  in  the 
armature.  ^ 

13-9.  Because  an  unloaded  or  lightly  loaded 
series  motor  may  virtually  run  away  from  itself, 
it  is  always  connected  to  its  load  by  a  shaft  or 
gears.  When  testing  a  series-wound  motor  with- 
out the  normal  load  of  a  gear  train,  always  use 
one-half  of  its  normal  rated  voltage,  or  less,  as 
specified  in  the  pertinent  technical  order.  We 
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Figure  26,  Torque  curve. 
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Figure  27.  Jaw  type  engaging  mechanism. 
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should  add  one  more  point  while  we  are  still  on 
the  general  discussion.  Since  large  currents  are 
encountered  in  the  operation  of  series  motors, 
all  their  energizing  circuits  are  handled  through  a* 
B-8  type  solenoid. 

13-10.  Much  of  the  preceding  introductory 
material  to  dc  starters  has  been  a  review.  The 
chief  purpose  is  to  fill  in  any  needed  gaps  for 
the  specific  discussion  and  to  show  why  series 
motors  are  well  adapted  for  use  in  starter  sys- 
tems. Now  we  may  turn  our  attention  to  the 
methods  used  to  engage  a  starter  to  the  recipro- 
cating engine. 

13-11.  Jaw  type  engaging  mechanism.  With  this 
design,  when  the  motor  is  energized,  it  is  en- 
gaged directly  to  the  flywheel  by  a  movable  jaw 
located  on  a  helically  splined  shaft  at  the  power 
output  end  of  the  motor.'  (See  fig.  27.)  When 
the  motor  armature  starts  to  rotate,  the  starter 
jaw  will  tend  to  remain  at  rest.  As  the  motor 
shaft  turns,  the  motor  jaw  will  move  forward 
along  the  shaft'  until,  it  engages  a  corresponding 
jaw  on  the  flywheel.  When  the  energizing  current 
is  removed  from  the  motor,  the  motor  jaw  starts 
to  slow  down,  whereas  the  stored  energy  in  the 
flywheel  tends  to  keep  it  rotating  at  a  high  speed. 
As  a  result,  the  two  jaws  are  mechanically  disen- 
gaged and  a  spring,  which  was  compressed  as  the 
motor  jaw  originally  moved  forward,  forces  the 
motor  back  to  its  rest  position  on  the  shaft. 

13-12.  One  of  the  most  common  troubles  with 
this  type  of  mechanism  is  that  the  motor  jaw 
sometimes  binds  on  the  armature  shaft  and  will 
not  engage  the  flywheel  jaw.  Consequently,  per- 
sonnel often  allow  the  motor  to  "race."  As  a 
result  of  energizing  the  starter  while  the  flywheel 
is  still  turning,  excessive  damage,  principally 
shearing,  may  occur  to  the  teeth  of  the  jaws. 

13-13.  Roller  clutch  engaging  mechanism.  In 
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this  arrangement,  the*  starter  motor  is  engaged 
to,  and  disengaged  from,  the  starter  flywheel  by 
means  of  a  roller  clutch  that  fits  snugly  inside 
the  flywheet,  as  shown  in  figure  28.  As  you  can 
note  in  the  drawing,  a  slight  rotation  of  the 
motor  shaft  forces  the  rollers  of  the  clutch  out 
against  the  inner  surface  of  the  flywheel.  The 
latter  is  equipped  with  a  hard  steel  insert.  When- 
ever the  motor  rotates  more  slowly  than  the  fly- 
wheel, the  rollers  are  freed  and  the  motor  is  au- 
toipatically  disengaged.  If  the  aircraft  is  equipped 
wilh  this  mechanism,  you  do  not  have  to  wait  for 
the  flywheel  to  come  to  a  stop  before  reener- 
gizing the  starter  motor. 

13-14.  Fuel* Air  and  Pneumsrtic  Starters*  Some 
jet  aircraft  use  special  starters  that  operate  on 
both  fuel  and  air,  or  ^ir  alone  for  engine  starting. 
In  effect,  this  means  that  the  aircraft  is  not  depen- 
dent on  external  sources  of  air  for  starting  the 
engines.  These  starters  are  so*designcd  that  they 
may  be  used  as  self-contained  units,  or  may  be 
used  as  conventional  pneumatic  starters.  Let  us 
start  the  discussion  with  the  fuel-air  type  st^er. 

13-15.  Fuel-air  starter.  The  fuel-air  starter  is  a 
small  jet  engine  which  is  used  to  energize  the 
turbine  discs.  The  starter  bums  jet  fuel  in  an  in- 
tegral combustion  section  and  utilizes  the  energy 
released  in  combustion  to  drive  a  turbine.  The 
latter,  through  a  gear  reduction  clutch  arrange- 
ment, drives  an  output  shaft.  The  unit  is  designed* 
to  produce  the  torque  required  to  accelerate  a 
turbojet  or  turboprop  engine  from  rest  to  a 
speed  of  230O,-2500  rpm  within  a  given  time. 

13-16.  The  starter  is  mounted  on  the  engine 
so  thar  the  output  shaft  engages  the  engine 
starter  drive.  Fuel  is  taken  from  the  engine  sup- 
ply, electricity  for  ignition  and  control  compo- 
nents are  supplied  by  the  aircraft  electrical  sys- 
tem. The  compressed  air  needed  for  starter 
operation  is  taken  from  either  an  air  bottle  in- 
stalled in  the  aircraft  V)r  from  an  external  source. 
The  flow  of  air  to  the  starter  is  controlled  by  a 
$olenoid-operated  air  shutoff  valve  located  in  the 
air  duct.  This  valve  is  controlled  by  a  switch  lo- 
cated in  the  aircraft  cockpit.  All  other  controls 
for  the  operation  of  the  starter  are  mounted 
within  the  unit. 

13-17.  The  starter  accelerates  the  engine  to 
2300-2500  rpm  (35-percent  engine  rpm),  at 
which  time  a  set  of  centrifugal  type  switches  on 
the  starter  terminate  the  starter  combustion.  In 
the  event  the  starter  overspeeds  and  the  cen- 
trifugal switches  do  not  open,  an  emergency  cut- 
out switch  on  the  turbine  prevents  the  starter 
from  exceeding  2800  rpm.  The  starter  clutch 
arrangement  consists  of  an  overrunning-disengage 
sprag  type  clutch  that  disengages  when  the  en- 
gine accelerates  to  a  speed  greater  than  that  of 
the  starter,  and  a  slip  type  clutch  which  mini- 


mizes  the  initial  torque  shock  on  the  drive 
coupling  at  the  beginning  of  each  starter  oper- 
ation. " 

13-18.  The  driving  member  of  the  clutch  ar- 
rangement is  geared  to  the  starter  mechanism, 
while  the  driven  member  is  geared  to  the  engine 
starter  drive  through*  a  drive  shear  coupling. 
Thus,  when  engine  starting  rpm  is  reached  and 
energy  input  into  the  starter  is  terminated,  the 
starter  mechan^m  coasts  to  a  stop,  while  the 
member  of  the  clutch  which  is  connected  with  the 
engine  continues  to  turn  with  the  engine.  The 
unit  is  equipped  with  a  shear  pin  which  is  de- 
signed to  shear  under  extreme  torque  .conditions. 
The  pin  will  prevent  damage  to  the  starter  or  to 
the  engine.  This  concludes  our  discussion  on  the 
mechanics  of  the  starter. 

13-19.  We  mentioned  earlier  that  some  air- 
cr^  are  equipped  with  an  air  bottle  for  starting. 
This  type  of  installation  has  an  air  storage  bottle 
with  a  solenoid-operated  control  valve  installed 
on  the  outlet,  and  an  electric  motor-driven  air 
compressor  to  charge  the  storage  bottle.  The 
bottle  stores  enough  air  for  two  or  three  starts  of 
the  fuel-air  starter,  depending  on  the  initial 
ch^ge  and  the  ambient  temperature.  The  com- 
pressor automatically  recharges  the  bottle. 

13-20.  The  air  compressor  circuit,  shown  in 
figure  29,  consists  of  a  motor-driven,  piston-type, 
compounded  air  compressor;  moisture  separator; 
pressure  switch;  priority  valve;  cycling  timer; 
heaters;  check  valve;  and  pressure-relief  valve. 
The  operation  of  the  compressor  is  controUed  by 
the  pressure  switch.  When  the  air  pressure  Tn  the 
bottle  drops  below  2800  ±l  100  psi,  the  pressure 
switch  closes  and  completes  the  cirquit  from  the 
1 15-  to  200-volt  ac  bus  to  the  compressor  motor, 
thus  energizing  the  three-phase  compressor  mo- 
tor. The  compressor  motor  will  continue  to  op- 
erate until  the  pressure  in  the  bottle  reaches 
3000  i:  100  psi.  At  this  time  the  pressure  switch 
opens  and  breaks  the  circuit  to  the  motor*  The 
air  to  the  compressor  is  supplied  from  the  air- 
craft pneun^tic  supply  system  manifold  through 
the  pressured  regulator.  The  regulator  maintains 
the  pressure  at  approximately  16.7  psi.  The  suc- 
tion relief  valve  in  the  compressor  supply  line  in- 
sures adequate  air  supply  to  the  compressor  if 
the  pressure  in  the  supply  line  should  drop  bdow 
the  ambient  pressure. 

13-21.  Now  notice  the  cycling  timer.  This  unit 
opens  the  drain  valve  in  the  air  moisture  separa- 
tor every  10  to  12  minutes  to  keep  the  system 
free  oMrioisture.  Also  included  in  the  circuit  is  a 
thermal  switch,  which  is  set  at  40°  F.  When  the 
temperature  in  the  air  n?oisture  separator  reaches 
40**  F.,  the  thermal  switch  closes,  completing  the 
circuit  ^from  the  28-volt  dc  bus  to  the  heater.  This 
prevents  freezing  of  any  wa:er  tbat  may  -collect 
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in  the  moisture  separator  before  the  cycling  timer 
operates.  Now  let's  sec  how  the  starter  system 
operates  by  examming  figure  30. 

13-22.  The  operation  of  the  starter  is  auto- 
matically controlled  by  the  units  in  the  control 
box  located  on  the  rear  of  the  starter.  The  items 
that  are  correlated  through  the  control  box,  as 
shown  in  Hgure  30,  are  the  ti^ne-delay  switch, 
burner  high-pressure  switch,  centrifugal  switches, 
and  the  control  relay. 

13-23.  To  operate  the  starter,  the  ignition 
control  and  start  switch  must  be  placed  in  the 
GROUND  START  position;  the  fire  switch  should  be 
in  the  normal  position.  This  will  energize  the 
fuel-air  start  power  control  relay.  Power  is  now 
supplied  to  the  starter  control  box.  The  control 
relay  is  energized  by  a  28«volt  circuit,  which  is 
completed  through  the  normally  closed  contacts 
of  the  pneumatic  time-delay  switch,  and  through 
the  centrifugal  cutout  switches  and  the  second 
set  of^  contacts  on  the  interlock  relay. 

1 3-24.  When  the  control  relay  closes,  power  is 
supplied  to  the  air  supply  solenoid  valve,  the  fuel 
solenoid  valve,  and  the  ignition  exciter,  and 
through  the  third  set  of  closed  contacts  on  the 
interlock  relay.  At  this  time  the  fuel  accumulator 
is  opened  by  the  aif  pressure  from  the  starter 
line.  Cpmbustion  then  occurs,  and  a  buildup  of 
chambe?  pressure  closes  the  low-pressure  switch 
which  removes  the  control  of  the  systemprom  the 
time-delay  switch  and  also  from  one  set  of  con- 
'  tacts  of  the  interlock  relay.  After  a  period  of  ap- 
proximately 1  second,  the  time-delay  switch  en- 
ergizes the  interlock  relay.  This  turns  off  the 
ignition  to  the  starter. 

13-25.  When  the  starter  reaches  cutout  speed 
(2400  ±  100  rpm),  the  gear  box  centrifugal 
switch  (also  shown  in  fig*  31)  breaks  the  control 
relay  holding  circuit  and  stops  the  starting  cycle. 
This  type  of  starter  is  critical  on  the  starting 
limitations.  The  limits  of  temperature  restrict  the 


ability  of  the  fuel-air  starter  to  make  repeated 
combustion  starts.  Normally,  two  start  attempts 
within  a  l^-hour  period  will  produce  temperature 
^pproaching  the  maximum  allowable  value.  If 
two  starts  are  attempted  within  a  Vi-hour  period, 
a  third  attempt  can  be  made  after  a  V4-hour  cool- 
ing period  provided  1 6S0-psi  air  pressure  is  avail- 
able. Successive  start  attempts  may  be  made, 
provided  a  Vi-hour  cooling  period  follows  each 
attempt.  In  the  event  you  should  want  to  cut  the 
Vi-hour  waiting  time,  it  is  permissible  if  external 
cooling  is  used.  The  starter  is  cool  enough  for  t 
stai^  attempt  if  the  bare  hand  can  be  held  on  the 
starter  gearbox. 

13-26.  Pneumatic  starters.  Another  type  of 
starter  you  will  no  doubt  have  to  work  on  is  the 
pneumatic  or  pure-air  starter,  illustrated  in  figure 
31.  This  starter  is  designed  to -provide  the  re- 
quired torque  and  speed  necessary  to  start  a  tur- 
bojet or  turboprop  engine.  It  is  mounted  on  a 
specially  designed  pad.  The  starter  output  shaft  is 
mechanically  coupled  to  the  jet  engine  starter 
drive.  The  starter  is  driven  by  compressed  air, 
ducted  through  a  combination  pressure-regulating 
and  shutoff  valve  to  the  starter  inlet.  This  com- 
pressed air  may  be  supplied  from  either  ground- 
operated  or  airborne  gas  turbine  auxiliary  power 
units,  or  by  m  bled  from  the  compressor  of 
another  engine  in  a  multi-engine  aircraft.  The 
compressed  air  is  supplied  to  the  starter  through 
a  pressure-regulating  and  shutoff  valve  which  will 
maintain  the  'specified  inlet  air  pressure. 

13-27.  When  the  engine  starting  speed  is 
reached,  the  starter  must  be  shut  off  and  the 
drive  disengaged.  To  accomplish  this  automati- 
cally, two  centrifugal  cutout  switches  (fig.  31) 
are  included  on  each  starter,  one  driven  from  the 
starter  side  and  one  from  the  engine  side  of  the 
clutch.  The  cutoff  switches  include  a  set  of  fly- 
weights driven  by  one  clutch  gear.  These  fly- 
weights actuate  a  cutoff  switch  to  break  the  cir- 
cuit to  the  air  start  solenoid  when  the  starter 
shaft  speed  reaches  3400  rpm.  This  shuts  off  the 
supply  of  air  to  the  starter  turbine,  a  spring 
disengages  the  clutch,  and  the  turbine  rotor  stops 
rotating.  The  output  shaft  continues  to  run  with 
the  engine. 

13-28.  The  starter  control  valve  (valve  actu- 
ator) is  an  air-operated  butterfly  valve,  function- 
ing as  both  a  shutoff  valve  and  a  pressure-regu- 
lating valve.  High-pressure  air  from  an  auxiliary 
air  compressor,  or  compressor  discharge  air  of 
another  engine  which  is  running,  is  connected  to 
the  pneumatic  system  pressure  side  of  the  starter. 
When  the  regulating  and  shutoff  valve  is  closed, 
air  can  pass  through  the  filter,  the  restrictor,  and 
the  pilot  valve  and  is  vented  overboard  to  pre- 
vent the  starter  from  operating. 
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'Figure  29.  Air  compressor  cirduit. 
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13-29.  Now  let's  discuss  how  the  starter  op- 
erates. When  the  ignition  control  and  start  switch 
(as  shown  in  fig.  31)  is  plaeed  to  the  ground 
START  position,  the  starter  valve  solenoid  valve  is 
energized,  closing  the  air  port  of  the  pilot  valve, 
thus  allowing  air  to  be  vented  to  the  top  side  of 
the  valve  actuator.  Since  this  is  jcallcd  a  helical 
cam,  as  the  spring  is  depressed,  it  will  open  the 
regulating  and  shutoff  valve.  The  air  is  thus  di- 
rected from  the  pressure  of  the  pneumatic  system 
*to  the  starter  turbine  wheel.  The  starter  now  is 
operafing. 


13-30.  To  keep  the  air  pressure  on  the  tur- 
bine wheel  constant  and  to  maintain  the  desired 
starter  speed,  a  regulator  valve  is  used.  Notice 
that  one  end  of  the  regulator  is  connected  to  the 
starter  case  and  the  other  end  is  connected  to  the 
pilot  valve  by  a  mechanical  linkage.  If  the  pres- 
sure within  the  starter  becopies  too  great;  the 
pilot  valve  will  allow  part  of  the  air  to  the 
actuator  valve  to  be  vented  overboard.  This,\in 
turn,  will  close  the  shutoff  valve  and  will  stop  the 
air  flow  to  the  starter. 
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Figure  30.  Fuel-tir  starter  control  system 


13-31.  Another  controlling  device  which  is  in- 
cluded in  the  starter  consists  of  the  centrifugal 
switches  mentioned  previously.  When  the  starter 
speed  has  reached  its  maximum  limit,  the  centrif- 
ugal switches  break  the  ground  circuit  to  the 
start  relay.  At  the  same  time,  the  pilot  valve 
opens,  shutting  off  the  air  flow. 

13-32.  The  starting  limitations  for  the  pneu- 
matic starter  vary  with  each  manufacturer;  how- 
ever, you  should  never  overoperate  the  starter. 
Most  starters  have  IV^ -minute  maximum  oper- 
ating time,  followed  by  1-  to  3-minute  cooling 
period. 

13-33.  Cartridge  pneumatic  starter.  The  car- 
tridge pneumatic  starter  provides  a  self-contained 
source  of  power  for  cranking  jet  engines  to  the 
high  speeds  necessary  for  starting.  "Self-con- 
tained" means  that  the  starter  has  the  ability 
to  Stan  the  engine  without  the  support  of  ground 
equipment.  The  starter  is  essentially  a  gas-driven 
turbine  wheel  coupled  to  the  aircraft  engine 
through  a  reduction  gear  system  and  an  overrun- 
ning clutch.  The  clutch  disconnects  the  starter 
gear  from  the  engine  shaft,  following  a  start, 
so  that  the  engine  will  not  drive  the  starter. 


13-34.  Energy  for  driving  the  turbmc/^f-  tKe 
starter  is  supplied  from  any  of  three  sources: 
expanding  gases  from  the  burning  of  a  solid  pro- 
pellant  charge,  bleed  air  from  an  operating  en- 
gine on  the  same  aircraft,  or  low-pressure  air 
from  an  external  air  source  (such  as  an  MA-IA 
trailer).  Thus,  ^^he  cartridge  pneumatic  starter^ 
offers  the  advantages  of  a  self-contained  system 
and  the  flexibility  of  the  conventional  low-pres- 
sure pneumatic, starter  discussed  previously.  Since 
you  are  already  familiar  with  the  operating  char- 
acteristics of  pneumatic  starters,  let  us  discuss  the 
operation  of  a  cartridge  pneumatic  starter. 

13-35.  A  schematic  of  the  starter  is  shown  in 
figure  32.  When  the  cartridge  is  ignited  by  the 
cartridge  squib,  the  burning  gases  released  by  the 
cartridge  flow  into  the  turbine  ^  section  of  the 
starter,  as  indicated  by  the  arrows.  At  the  same 
time,  air  is,  drawn  through  the  air  inlet  (dotted 
arrows)  and  mixed  with  the  cartridge  gas.  As  the 
turbine  wheel  is  accelerated,  its  rotary  motion  is 
transmitted'  through  the  reduction  gear  train  and 
the  output  shaft  to  the  engine  (see  fig.  32). 

13-36.  Normally,  when  a  cartridge  is  ignited, 
the  energy  from  the  cartridge  is  absorbed  by  the 
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aircraft  engine.  The  starter  produces  torque  until 
the  cartridge  is  spent.  When  the  cartridge  is  spent, 
the  starter  coaSts  to  a  ^top  and  the  engine,  now 
at  greater  than  self-sustaining  speedy  continues 
to  accelerate  to  idle  ri^.  It  should  be  noted  that 
once  the  cartridge  is- ignited  it  will  continue  to 
bum,  and  there  is  no  way  to  terminate  the  cycle. 
It  is  obvious,  theri,  that  various  protective  devices 
are  necessary  to  protect  the  system  from  over- 
speed  or  overpressure  conditions. 

13-37.  The  safety  disc,  shown  in  figure  32, 
is  located  between  the  cartridge  assembly  and  the 
exhaust  of  the  starter  and  provides  protection 
against  oVbrpressure  conditions.  Although  the 
breech  of  the  stSrter  (the  part  that  holds  the  car- 
tridge) is  capable  of  withstanding  3000-psig  pres- 
sure, the  safety  disc  is  designed  to  rupture  be- 
tween 1600  and  2000  psig.  When  the  safety  disc 
ruptures,  the  cartridge  gas  is  vented  into  the  ex- 
haust. Some  of  the  gas  is  still  applied  to  the  tur- 
bine wheel,  pbut  the  turbine  wheel  now  pVoduces 
less  power  and  the  engine  may  not  start. 

13-38.  The  pressure-relief  valve,  also  shown 
in  figure  32,  provides  protection  during  over- 
speed  conditions  of  tlie  starter.  Overspeed  of  the 
starter  is  most  commonly  caused  by  a  sheared 
shaft,  but  it  may  also  be  caused  by  a  faulty 


cartridge  that  burns  too  rapidly.  If  the  starter  goes 
into  an  overspeed  condition  during  the  starting 
cycle  (start  switch  on),  the  overspeed  switch 
contacts  of  the  overspeed  governor  close  and  com- 
plete a  circuit  to  the  pressure  relief  squib.  When 
voltage  is  applied  to  the  pressure-relief  squib, 
the  squib  fires  and  ruptures  the  pressure-relief 
valve.  This  vents  the  cartridge  gas  to  the  exhaust 
of  the  starter  and  reduces  the  speed  of  the  tur- 
bine wheel. 

Caution:  The  pressure-relief  squib  should 
always  be  handled  with  extreme  care.  Wear  safety 
glasses  and  glpves  when  handling  the  squib.  Ex- 
cept when  it  is  connected  into  the  circuit,  the 
leads  of  the  squib  should  be  shorted  together  to 
prevent  inadvertent  firing.  The  squib  can  be  fired 
with  approximately  0.5  ampere  of  current,  and 
even  a  weak  flashlight  battery  may  contain 
enough  power  to  fire  the  squib.  If  it  is  necessary 
for  you  to  perfo^  a  continuity  or  resistance 
check  of  the  squib  circuit,  be  sure  to  use  an 
ohmmeter  with  no  more  than  0.^  ampere  output. 
A  standard  multimeter  will  fire  the  squib. 

13-39.  Electrical  system.  A  schematic  of  the 
electrical  system  used  with  the  cartridge  pneu- 
matic starter  is  shown  in  figure  33.  When  the 
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Figure  31.  Pneumttic  starter  jchemttic. 
55 


ERIC 


508 


Figure  3Z  Cartridge  pneuttuttic  surter  schematic. 


o 

ERIC 


Start  switch  is  moved  to  the  start  position,  volt- 
age is  ^lied  to  the  cartridge  relay.  When  the 
cartridge  relay  energizes,  the  normally  closed  con- 
tacts CRl  open  and  the  gjmnally  open  contacts 
CR2  close.  This  completes  ffNcircuit  through*the 
10-ohm  resistor  and  the  interlock  switch 
(mounted  in  the  breech  assembly)  to  the  ,car- 
tri(Jge  squib.  At  the  same  time,  the  warning  light 
illuminates.  Note  in  figure  33  that  the  selector 
switch  must  be  in  the  cartridge  position  to  fire 
the  cartridge  squib.  If  the  overspecd  contacts 
should  close,  a  ground  is  completed  for  the  pres- 
sure-relief squib  and  the  squib  will  fire  if  the 
start  switch  is  on  and  the  selector  switch  is  in  the 

CARTRIDGE  pOSition. 

13-40.  When  operating  the  starter  for  a  car- 
tridge  start,  it  is  very  important  that  you  be  famil- 
iar with  the  operation  of  the  starter.  For  example, 
the  overspced  contacts  close  when  the  enpne 
reaches  a  certain  speed  during  the  normal  starting 
cycle.  If  the  starter  switch  is  closed  at  that  time 
and  the  selector  switch  is  in  the  cartridge  posi- 
tion, the  pressure-relief  squib  will  'igpite  even- 
though  the  turbine  wheel  is  not  in  an  overspced 
condition. 

13-41.  The  stop  switch  shown  in  figure  33  has 


no  control  of  the  starter  once  a  cartridge  start  has 
been  initiated;  it  is  used  only  for  terminating  a 
low-pressure  start  in  the  event  of  trouble. 

i3-42.  We  have  mentioned  that  the  cartridge 
pneumatic  starter  can  al^o  be  used  to  start  an 
engine  by  using  an  external  air  source  or  by  using 
the  air  bled  from  an  operating  engine  on  the  air- 
craft. Both  of  these  starting  procedures  arc  known 
as  low-pressure  starts.  Low-pressure  starts  are 
also  shown  in  figure  33.  In  this  case  the  selector 
•switch  is  placed  in  the  low  pressure  position. 
When  the  start  switch  is  moved  to  the  on  posi* 
tion,  a  28-volt  circuit  is  completed  to  the  holding 
relay.  When  the  holding  relay  is  energized,  the 
normally  open  contacts  HRl  and  HR2  close.  The 
HRl  contacts  form  a  holding  circuit  through  the 
normally  closed  stop  switch  so  that  the  start 
switch  need  not  be  held  closed.  The  HR2  con^ 
tacts  complete  a  circuit  to  the  starter  control 
valve,  which  opens  to.  admit  low-pressure  air  to 
the  starter.  When  the  starter  reaches  a  certain 
speed,  the  overspced  switch  closes,  breaking  the 
ground  to  the  holding  relay  and  terminating  the 
starting  cycle  by  deenergizfng  the  holding  relay. 
Note  that  in  this  case  the  pressure-relief  squib 
does  not  fire.  The  start  cycle  may  be  terminated 
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at  any  time  by  opening  the  stop  switch.  When- 
ever the  holding  relay  is  deenvgized  and  no 
power  is  applied  to  the< starter  control  valve,  the 
•valve  closes  and  no  air  is  supplied  to  the  turbine 

wheel.  ^ 

13-43.  Maintenance  of  Starter  System  Compo- 
nents. The  extent  of  maintenance  that  may  be 
performed  on  reciprocating  engine  starters 
a^fifeld  level  is  determined  by  the  availability  of 
special  tools  and  test  equipment.  The  mainte- 
nance ^of  the  motor  section  of  the  starter  was  dis- 
cussed earlier  arill  will  not  be  discussed  here.  You 
•  will  study  starter  maintenance  in  general  plus  the 
Prony  brake,  which  is  used  to  test  starter  per- 
formance and  clutch  settings.  First  let  us  discuss 
starter  maintenance  in  general. 

13-44.  Reciprocating  engine  starters.  AsTyw 
perform  your  work,  you  will  come  across  various 
starter 'designations.  You  should  know  something 
about  the  numbering  of  starteri,  so  we  will  famil- 
iarize ypu  with  the  subject  in  general.  Keep  in 
mind  that  on  many  starters  the  Air  Force  desig- 
nation, such  as  J-1,  G-6,  G-18,  and  H-2.  is 
stamped  on*  the  name  plate,  and  that  units  with 
the  same  type  number  (G-18,  for  e5:ample)  are 
interchangeable  with  one  another.  In  addition  to 
the  type  number,  you  will  find  the  serial  number, 
the  manufacturer's  part  number,  current  draw, 
-  weight,  operating  voltage,  and  other  pertinenf 
information. 

13-45.  For  example,  consider  the  characteris- 
tics of  starters  designed  and  built  by  the  Jack  and . 
Heintz  Corporation,  which  are  identified  by  a 
combination  of  letters  and  numerals,  such  as 
JH4PR.  arranged  as  outlined  in  table  2.  The 
symbols,  whether  letters  or  numbers,  may  appear 
in  six  distinct  coding  positions.  Notice  that  one 
letter,  L,  is  repeated,  indicating  one  characteris- 
tic in  position  3,  another  in  6.  Further,  as  our 
example  shows,  some  starter  designations  may 
not  need  a  symbol  in  ail  6  coding  {)Ositions; 
observe  that  JH4PR  does  not  include  coding 
positions,  4  or  5. 

^  13U6.  The  actual  maintenance  consists  of  in- 
spection of  the  starter  mount;  checking  for  oil 
leaks  around  the  mounting  flange  and  brush 
length;  and  cleaning  the  brush  boxes  and  the 
commutator.  The  instructions  for  cleaning  are  the 
same  as  those  for  generators.  Recall  that  brush 
holders  should  be  wiped  with  a  cloth  which  has 
been  moistened  with  an  approved  cleaning  sol- 
vent and  that  burnt  spots  on  the  commutator 
should  be  sandpapered,  followed  by  an  airstream 
blast  in  the  brush  assembly  to  remove  any  loose 
particles.  '  ^ 

13-47.  The  installation  of  starters  iki^iticjsev-. 
eral  problems  that  are  not  experienced  >ith 
other  units   discussed  in  this  course.  Before  in- 
stalling, make' certain  that  the  engine  starter  jaws 


Table  2 
JH  Starter  Characteristics 


Coding 

Position  Symbol(s) 


Meaning 


1 

JH 

Thi3  symbol  is  used  lo  designate  those 

Starters  built  by  Jack  and  Hetntz. 

2 

S 

The  numerals  used  in  this  position 

4 

represent    the    manufacturer's  basic 

• 
5 

6 

moael. 

10 

S 

L 

An  "L"  shaped  starter  with  the  motor 

located  at  a  90*  angle  to  the  starter 

jaw. 

Designed  for  use  as  electric  direct* 

4 

crankinfte^  ^  * 

p 

Starter  has  a  special  gear  ratio. 

4  E      Starters  .with    this    designation  are 

equipped  with    a   7-inch  diameter 
mountiA^  fl&nge.  '* 
F      Signifies  that  the  starter  has  a  6-indi 
diameter  mounting  Hange. 
Note:  No  letter  in  this  position  also 
signifies  a  6-inch  diameter  flange. 

5  A      Starter  has  an  axial  type  flexible  shaft 

drive  gear  unit. 

Note:  No  letter  irC  this  position  indi- 
cates that  the  90*  drive  unit  is  used. 

6  L      Starter  jaw  rotation  is  to  the  left  or 

counterclockwise  as  viewed  from  the 
motor  end. 

Starter  jaw  rotation  is  to  the  right  or 
clockwise. 

are  identical  as  to  the  number'  oF  teeth,  size  of 
jaw,  and  direction  of  rotation,  ^s  indicated  by  the 
slope  of  the  teeth. 

13-48.  How  is  this  done?  First,  remove  the 
gasket  and  then  measure  the  depth  from  the  face 
of  the  mounting  pad  to  the  tip  of  the  engine^jaw 
teeth;  likewise,  determine  the  distance  from  the 
face  of  thCfmounting  plate  to  the  tip  of  the  starter' 
jaw  teeth.  When  the  jaw  is  retracted,  a  clearance 
between  the  teeth  of  the  two  jaws  must  be  main- 
tained^for  each  installation.  This  clearance  is 
specified  in  the  applicable  technical  order  for  the 
aircraft.  You  should  always  refer  to  those  publica- 
tions, to  learn  the  amount  of  clearance  required 
forlhe  aircraft  with  which  you  are  working. 
wiSen  the  starter  jaw  is  extended,  its  travel  should 
be  sufficient  to  assure  full  face  engagement  of  the 
twp  sets  of  teeth. 

13-49.  Starter  test  stand.  An  aircraft  starter' 
test  stand  is  used  to  test  the  Wrformance  and 
clutch  setting  (holding  torque)  of  all  models  of 
aircraft  reciprocating  engine  starters.  The  test 
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Figure  33.  Culridge  pneumttic  starter  electrical  system. 


Stand,  more  commonly  referred  to  as  the  Prony 
brake,  is  fully  equipped  to  test  starters  accord- 
ipg  to  the  manufacturer's  speciflcations.  In  addi- 
tion, it  can  be  used  to  test  various  types  of  elec- 
trical actuators*  and  retraction  motors.  The  Prony 
brake  is  mounted  on  a  heavy  base  or  frame,  and 
the  cranking  spted  of  starter  jaws  and  the  holding 
torque  can  be  quickly  and  accurately  determined 
from  the  various  indicating  meters  supplied  with 
the  test  stand,  as  shown  in  flgure  34. 

13-50.  The  tachometer,  showa  in  figure  34, 
is  usedv  to  indicate  the  rotational  speed  of  the 
starter  jaw  in  either  a  clockwise  or  a  counter- 
clockwise direction.  The  tachometer  has  two 
scales:  a^O-  to  150-rpm  full  scale  and  a  0-  to 
1500-rpm  full  scale.  For  convenience,  the  ta- 
citemeter  may  be  connected  on  either  side  of  the 
test  stand  by  simply  interchanging  the  flexible 
drive  shaft  used  with  the  unit. 

13*51.  The  voltmeter^nd  ammeter,  also 
shown  in  figure  34,  are  used  with'  the  Prony 
brake  to  measure  the  direct  current  draw  of  the 
unit  being  tested  at  various  values  of  dc  input 
voltage. 

13-52.  For  convenience  of  operation  and  in 
order  to  perform  all  the  tests  the  test  stand  is  de- 
signed for,  three  torque  meters  are  provided, 
'^e  torque  meter  assemblies  .are  similar  in  op- 
eration and  vary  only  in  their  operating  range: 
One  has  a  range  of  from  0  to  150  foot-pounds 
in  increments  of  2  foot-pounds;  the  second  has 


a  range  of  from  0  to  500  foot-pounds  in  in- 
crements of  10  foot-pounds;  and  the  third 
torquemeter  has  a  range  from  0  to  1500  foot- 
pounds in  increments  of  ^20  foot-pounds.  Since 
each  torquemeter  operates  on  compression,  one 
'  is  placed  on  the  right  arm  of  the  Prony  brake 
to  test  for  right-hand  rotation,  while  another 
torque  meter  is  placed  on  the  left  arm  to  test 
for  left-hand  roation,  as  shown  in  figure  34.  To 
make  it  easier  to  change  torquemeters,  the  meters 


Figure  34.  Starter  te|^  stand. 


58 


.  511 


are  anchored  6y  two  pivot  pins  at  the  end  of  the 
arm  and  in  the  b^se, 

13-53.  The  brake  pressure  control  (also  shown 
in  fig.  34)  is-used  to  adjust  the  brake  load  on 
the  component  being  tested.  The  brake  assembly 
is  an  aircraft  type  hydraulic  brake  that  absorbs 
the  load.  Turning  the  brake  pressure  control 
clockwise  applies  pressure  to  the  brake. 

13-54,  The  starter  test  set  is  also  furnished 
with  a  mounting  adaptci*  that  can  be  used  to  ac- 
commodate all  Air  Force  reciprocating  engine 
starters.  In  addition^  a  complete  set  of  starting 
jaws  for  testmg  starters  and  a  set  pf  couplings  for 
use  in  testing  actuators  are  furnished, 

13-55.  Operation,  When  the  Prony  brake  is 
used  to  test  a  starter,  always  make  sure  that  the 
starter  jaw  is  fully  retracted  and  clear  of  the  test 
stand  jaw.  Also»  make  sure  the  torque  meter  is 
installed  in  the  right  arm  for  right-hand  rotation 
starters  and  in  the  left  arm  for  left-hand  rotation 
starters. 

13-56,  When  testing  actuators,  you  must  be 
careful  to  use  the  low  reading  torque  meters 
supplied  with  the  test  unit.  Under  most  condi- 
tions you  will  have  to  use  two  torque  meters  so 
that  you  can  check  the  actuator  torque  in  either 
direction. 

13-  57.  As  part  of  the  testing  procedure  for 
some  starters  and  actuators,  you  will  have  to  op- 
erate the  unit  under  no-load  conditions.  To  ac- 
complish no-load  testing,  it  is  necessary  to  release 
the  brake  pressure  by  turning-the  brake  pressure 
control  counterclockwise.  When  testing  an  actua- 
tor for  no-load  operation^  it  is  advisable  to  lower 
the  input  voltage  to  prevent  damaging  the  ta- 
chometer. This  concludes  the  discussion  of  the 
Prony  brake.  When  testing  any  component,  be 
sure  to  refer  to  the  appropriate  technical  refer- 
ence for  that  component. 

14,  Auxiliary  Components 

14-  1.  At  the  start  of  World  War  II,  aircraft 
used  two%iagnetos  and  a  starting  aid  (such  as 
an  induction  vibrator)  which  were  connected  to 
the  right  magneto.  During  the  war  a  triple  unit 
starting  coil  was  designed  toUaJce  care  of  newer 
and  larger  aircraft  which  had 
one  engine.  L  , 

14-2.  The  triple  unit  stanBng  coil,  shown  in 
figure  35,  contains  three  ideritkal  circuits;  in  the 
schematic,  however,  only  a  single  coil  assembly 
is  shbwn.  The  aircraft  24-volt  storage  battery  sup- 
plies power  for  the  unit.  Its  principle  of  operatio;i 
*  is  quite  different  from  that  of  the  induction  vi- 
brator, and  any  vibrating  action  will  destroy  it  in 
a  short  time.  * 

14-3,  The  string  coil  should  be  mounted  as 
close  as  possible  to  the  magneto  and  starter  so 
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that  you  will  have  shorter  leads,  which  increase 
the  effectiveness  of  the  unit  because  there  is  less 
loss  of  power, 

14«4rlDpenition.  For  this  discussion,  refer-to 
figure  35/Xo  energize  the  coil,  the  meshing  switch 
(f)  is  clo^d.  Power  is  then  supplied  jffom  the 
battery  Cg;  to  the  bat  terminal,  and  the  starter 
IS  enga^d  to  the  engine  through  a  connection  to 
the  starting  circuit;  thus,  power  is  applied  to  the 
unit  only  when  it  is  needed.  From  that  bat  ter- 
minal the  circuit  is  completed  to  the  coil  con- 
nector terminal  (e)  through  a  resistor  (a)  nested 
around  the  case.  This  resistor  keeps  the  current 
flow  at  a  safe  value  so  that  the  primary  coil  in 
the  magneto  will  not  be  damaged. 

14-5.  When  the  coil  is  energized,  the  magnetic 
field  set  up  around  it  attracts  the  armature  (d) 
and  pulls,  it  down.  This  allows  the  spring-actuated 
contacts  (c)  connected  to  the  magneto  terminal 
(b)  to  close  and  complete  another  ground  circuit 
through  the  magneto  breaker  points  and  primary 
coil  assembly.  Also,  as  the  armature  moves  down, 
the  original  gPound  for  the  coil  is  broken.  But 
the  coil  remains  energized,  for  it  is  now  grounded 
through  the  magneto  primary  (j).  When  the  igni- 
tion switch  (h)  is  closed,  the  magneto  primary  is 
grounded  out  and  the  ignition  does  not  occur, 
14-6.  The  total  resistance  of  the  resistor 
around  the  case,  the  coil,  and  the  primary  coil 
of  the  magneto,  connected  in  scries,  governs  the 
current  flow.  If  one  of  these  units  is  bypassed, 
the  amount  of  current  will  increase, 

14-7,  The  unit  which  may  be  bypassed  is  the 
primary  coil  of  the  magneto.  As  the  engine  is 
turned  by  the  starter,  the  magneto  points  con- 
nected as  shown  in  figure  35  open  and  close. 
Each  time  the  points  close,  a  lower  resistance 
path  to  the  ground  is  completed  because  the 
points  and  the  magneto  primary  coil  are  con- 
nected in  parallel.  The  starting  coil  resists  any 
change  in  current,  and,  as  the  points  open  again, 
the  decreased  current  resulting  from  the  increased 
resistance  self-induces  and  sends  a  surge  through 
the  primary  of  the  magneto.  This -power  surge 
causes  a  buildup  of  the  magnetic  field  in  the  pri- 
mary coil,  thus  inducing  a  high  voltage  in  the  sec- 
ondary. A  current  then  flaws  through  the  dis- 
tributor to  the'  proper  cylinder  to  fire  the 'plug. 
With  this  type  of  starting  aid,  when  the  points 
open,  only  one  spark  is  generated  each  time  a 
cylinder  is  to  be  fired. 

14-8,  As  the  engine  starts,  the  starter  switch 
is  opened,  and  the  starting  coil  no  longer  has 
power.  The  spring  tension  on  the  armatqxe  points 
will  open  the  points  so  that  the  circuit  will  break 
between  the  coil  and  the  primary  coil  of  the 
magneto.  Again  the  circuit  will  be  completed 
from  the  coil  to  ground,  through  the  armature 
contact,  and  the  circuit  is  ready  for  the  next 
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h.  Ignition  switch 
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Figure  35.  Triple  unit  starting  coil. 


Stan.  Now,  let*s  discuss  the  switches  that  control 
th€se  auxiliary  devices. 

14*9.  Ignition  Switches.  Before  starting  an 
automobile  engine,  you  must  turn  on  the  igni- 
tion switch.  An  aircraft  engine  is  started  in  much 
i;;^  the  same  manner.  Let's  see  what  the  difference 
is,  if  any,  between  the  ignition  switch  in  an 
automobile  and  the  ignition  switch  in  an  aircraft., 

14-10.  The  automobile  switch  controls  the 
electrical  circuit  to  the  ignition  coil  and,  in  most 
automobiles,  also  regulates  the  electrical  power  to 
such  components  as  the  heater  and  windshield 
wipers.  The  aircraft  4gnition  switch  also  controls 


the  ignition  to  the  engine — but  in  a  different 
way.  Since  a  magneto  furnishes  the- spark  to  fire 
the  plug,  it  would  do  little  good  to  disconnect 
the  power  from  the  battery.  We  need  to  make  the 
magneto  inoperative.  If  the  magneto,  is  driven, 
it  can  generate  a  voltage  in  the  primary  coil.  If 
the  primary  coil  is  grounded  out,  however,  only 
a  small  amount  of  voltage  will  be  induch^injhjl^ 
secondary  cotN-an  amount  well  below  the  mini- 
mum required  to  fire  a  spark  plug. 

14-11.  You  should  now  be  able  toT>e^e  the 
difference  between  the  switches;  the  aircraft  igni- 
tion switches  closes  the  circuit  when  it  is  in  the 
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OFF  position,  whereas  that  of  the  automobUe, 
alopg  with  most  other  switches,  opens  the  circuit 
when  it  is  off. 

14-12.  Slngle-tngine  ignition  switches.  The 
ignition  switch  shown  in  figure  36  is  typical  of 
those  used  on  single-cnpne  aircraft  which  utilize 
a  high-tension  ignition  system.  The  principle 
which  is  followed  in  constructing  this  switch  is 
also  used  in  the  two-engine  ignition  switch.  If  you 
understand  the  operation  of  this  switch,  you  will 
have  very  little  difficulty  in  becoming  familiar 
with  the  other  types  of,  ignition  switches  discussed 
later  in  this  section.  One  lead  (P-lead),  connected 
with  the  aircraft  ignition  switch,  is  also  connected 
with  the  primary  control  of  the  magneto.  An- 
other lead  frqm  the  ignition  switches  goes  to  the 
aircraft  structure  and  serves  as  the-  ground.  All 
reciprocating  engines  have  either  single  magnetos 
or  dual  magnetos.  Each  ignition  switch  will  have 
the  R  (right),  L  (left),  off,  and  both  positions. 

^14-13.  When"^e  lever  is  movjcd  lo  L  position, 
the  right  magneto  is  grounded  and  only  the  left 
one  can  operate.  The  reverse  happens  when  the 
lever  is  moved  to  R  position.  Obviously,  if  off 
is  indicated,  both  magnetos  are  inoperative.  To 
start  the  engines,  the  ignition  switch  must  be 
moved  to  the  both  position.  Naturally,  the 
booster  operates  only  during  starting. 

14-14.  We  have  been  discussing  right  and  left 
positions,  but  we  have  not  yet  told  you  why  we 
need  to  ground  one  magneto  and  to  OR^te  on 
the  other.  Each  of  the  magnetos  has  a  specific 
■  number  of  plugs  to  fire,  and  by  being  able  to 
ground  out  one  magneto,  you  can  determine 
whether  all  the  plugs  are  firing  on  the  operating 

magneto.  If  there  is  too  great  a  decrease  in  rpm, 

it  is  an  indication  that  some  of  the  plugs  are  not 

firing. 

14-15.  Two^ngine  ignition  switches.  The  sin- 
gle-engine switch  could  be  used  on  aircraft  with 
t^VQ  or  more  engines.  However,  such  an  arrange- 
ment'would  take  up  too  much  space  on  the  in- 
'  strument  panel;  therefore,  to  reduce  the  size  of 
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Figure  36.  Sinfle-cngine  ignition  iwiuh. 
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Figure  37.  Two^nginc  ignition  switch, 

the  panel,  two  single-engine  switches  are  com- 
bined into  one  unit. 

14-16.  To  compare  the  two-engine  ignition 
switch  with  the  single  type,  refer  to  figures  36 
and  37.  One  item  on  the  two-engine  switch  that 
is  not  found  on  the  single-engine  type  is  the  ON- 
OFF  button,  located  in  the  center  of  the  face. 
This  button,  when  pulled  out,  grounds  out  all 
magnetos.  It  is  used  in  an  emergency,  such  as  a 
crash  landing  to  stop  both  engines.  The  in- 
dividual sections  work  the  same  as  those  of  a  sin- 
gle-engine switch. 

14-17.  Another  two-engine  type  has  a  toggle 
switch  in3tead  of  the  on-off  button.  The  posi- 
tions are  as  designated  in  figure  37.  The  toggle 
switch  serves  the  same  purpose  as  the  on-off 
button.  On  aircraft  ihat  have  four  engines,  there 
is  a  bar  to  fasten  together  the  on-off  toggles  of 
two  ignition  switches.  This  arrangement  permits 
all  ignition  systems  to  be  disabled  at  the  same 
time  by  moving  the  bar  to  off  during  an  emer- 
gency or  when  the  engines  have  stopped  on  nor- 
mal shutdown. 

14-18.  Low-tension  ignition  switch.  The  low- 
tension  ignition  switch  which  is  used  to  control 
one  engine  isxshown  in  figure  38.  As  you  can  see, 
its  appearance  is  different  from  that  of  the  ones 
previously  discussed.  Its  rectangular  shape  al- 
lows the  switches  to  be  mounted  closely  together 
in  one  straight  line.  It  is  designed  to  control  four 
magnetos  per  engine. 

14-19.  The  construction  makes  it  possible  to 
connect  the  lever  of  all  the  ignition  switches  with 
one  bar.'  Thus,  with  one  lever  the  pilotyAioves 
them  all.  The  lever  grounds  all  magnctps  when 
it  is  off.  The  low-tension  ignition  switch  has  only 
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Figure  38»  Low-tension  ignition  switch. 


two  positions,  on  and  off.  When  it  is  off,  all 
magnetos  are  grounded.  There  are  also  four 
push-pull  switches,  one  connected  with  each 
magneto.  When  the  handle  is  pulled  out,  the 
switch  grounds  out  the  magneto  that  is  marked 
beside  the  button.  This  is  the  reverse  of  the  pro- 
cedure for  switches  discussed  earlier.  In  the  latter 
types,  if  you  want  to  check  the  right  magneto, 
the  switch  is  placed  on  R  so  that  the  left  magneto 
will  be  inoperative. 

15.  Ignition  Systems 

15'l.  Now  that  you  are  familiar  with  the  vari- 
ous types  of  aircraft  engine  starters  and  their 
auxiliary  components,  we  shall  turn  our  attention 
to  the  various  types  of  ignition  systems  you  will 
work  on  as  an  aircraft  electrician.  Since*  you  are 


primarily  responsible  for  maintaining  jet  engine 
electrical  systems^  let  us  start  with  a  typical  igni- 
tion system  known  as  the  TEN-1. 

15-2.  TEN-1  Ignition  System*  The  TEN-1 
type  is  a  turbo-€lectronic  igniter  system  manu- 
factured'by  the  Scintilla  Division  of  the  Bendix 
Aviation  CorporatitSL  Xhe  "T"  in  the  designa-  • 
tion  number  stands  foi  Turbo,  the  **E"  for  Efec-^ 
tronic,  the  **N"  for  Scintilla,  and  the  dash  nujn- 
ber  foi:  the  paiticular  model. 

*  15-3,  The  TEN-l  ignition  system,  consists  of 
a  dynamotor-filtcr  assembly;  an  exciter;  two  high- 
tension  transformer  units;  (wo  high-tension  le^dsj 
and  two  igniter  plugs;  together  with  the  nec- 
essary interconnecting  cables,  leads,  control 
switches,  and  associated  equipment.  There  arc* 
only  two  igniter  plugs,  even  thou^  there  are 
more  than  tw6  combustion  chambers  ^in  a  jet 
engine.  The  reason  for  this  is  that  the  chambers 
are  connected  by  crossover  tubes*  so  that  the* 
burning  charge  in  one  chamber  will  spread  to 
adjacent  ones  and  will  ignite  the  charge  in  them. 

15-4.  The  dynamotor  is  used  to  step  up  28 
volts  dc,  supplied  by  the  aircraft  battery,  to  the 
exciter  operating  voltage,  which  varies  between 
500  and  900  volts.  This  voltage  charges  two 
capacitors,  which  store  the  energy  to  be  used 
for  ignition.  The  discharge  of  the  first  capacitor, 
stepped  up  by  a  transformer,  reaches  the  plug  in 
the  form  of  a  high-frequency  current.  As  a  re- 
sult, the  voltage  rise  across  the  plug  gap  is  ex- 
tremely rapid,  and  the  breakdown  voltage  of  the 
gap  is  reached  before  any  appreciable  amount  of 
energy  can  leak  away  through  fouling,  or  mois- 
ture, which  may  be  present  in  the  high-voltage 
circuit  feeding  the  plug  On  the  other  hand,  the 
second  capacitor  discharge  is  of  low  frequency 
and  low  voltage,  but  of  high  energy.  The  result 
is  a  spark  of  such  intensity  that  it  is  capable 
not  only  of  igniting  abnormal  fuel  mixtures  but 
also  of  burning  clear  any  foreign  deposits  which 
may  be  present  upon  the  electrodes  of  the  plug. 

15-5.  The  exciter  is  a  dual  unit  which  pro- 
duces a  series  of  sparks  at  each  of « two  plugs 
until  the  engine  starts.  The  battery  current  is  put 
off  when  this  occurs.  These  are  the  major  points 
in  the  functioning  of  the  dynamotor.  However, 
the  details  vary,  depending  on  whether  the  TEN 
system  is  regulated  or  nonregulated. 

15-6.  Nonregulated  and  Regulated  Systems.  A 
nonregulated  system  is  one  which  causes  firing 
of  the  igniter  at  an  uneven  frequency.  This  simply 
means  that  sparks  will  occur  at  the  igniter  when- 
ever an  ample  charge  builds  up  on  the  capacitor. 
The  nonregulated  system  has  a  separate  circuit, 
called  a  sparking  rate  control,  which  serves  only 
to  increase  the  rate  of  sparking  during  air  starts. 

15-7.  The  regulated  systefn,  as  the  name  tells 
you,  has  an  even  rate  of  sparking;  the  electrical  ^ 
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power  will  be  deUvered  to  the  igniter  plugs  at 
the  same  intervals  of  time,  thus  giving  a  more 
uniform  burning  process  for  starting.  Howcvfcr, 
since  this  system  docs  not  have  a  separate  cir- 
cuit, the  same  sparking  rate  is  used  for  starting 
in  the  air  and  on  the  ground.  The  regulated 
sparking  is  about  midway  between  the  high  and 
low  sparking  rate  of  the  nonregulated. 

15-8.  The  nonregulated  construction  includes, 
as  a  part  of  the  pilot  control  circuit,  a  test  switch 
by  means  of  which  the  operator  may  suppress  the 
firing  of  either  igniter  plug  in  the  engine  burner. 
In  this  way,  he  can  check  each  plug  individually 
by  cutting  out  the  other  one. 

15-9.  In  the  nonregulated  system,  a  special  dc 
dynamotor  and  radio  interference  filter  comprise 
the  assembly.  Within  the  filter  compartment  is 
an 'Operating  relay  jwhich  turns  the  battery  input 
current  off  and-odwhen  the  operator  positions  a 
remote  switch.  \ 

15-10.  Nonregulated  system  dynamotor.  Now 
let  us  examine  figure  39,  which  illustrates  the 
non-regulated  system.  The  dynamotor  is  a  com- 
bined dc  shunt-wound  motor  and  dc  generator. 
The  low-voltage  (28  volts)  motor  armature  and 
the  high-voltage  (830  vqlts)  generator  armature 


are  wound  on  the  same,  shaft  and,  therefore, 
rotate  in  a  common  electromagnetic  field  sup- 
plied by  the  field  windings  in  the  housing.  The 
output  voltage  depends  on  the  speed  of  the  arma- 
ture. The  field  is  of  a  constant  strength  and  thus 
the  output  is  stable.  The  commutator  for  the  28- 
volt  winding  is  at  one  end  of  the  shaft  and  that 
for  the  830-volt  winding  is  at  the  other.  The  field 
windings  inclose  the  field  pole  pieces  which  are 
secured  to  the  inner  walls  of  the  housing.  The 
brushes  fit  into  holders,  which,  in  turn,  go  into 
sockets  provided  in  the  end  frames.  Bells  inclose 
the  open  ends  of  the  machine  for  protection 
against  dirt,  m'oisture,  and  mechanical  damage. 
The  connections,  for  input  to  the  28-volt  motor, 
for  output  from  the  830-volt  generator,  and  a 
common  ground,  are  brought  out  to  terminals 
located  in  an  extension  at  the  top  of  the  dyna- 
motor housing.  This  extension  mates  with  a  hole 
in  the  bottom  of  the 'filter  compartment,  an 
arrangement  that  provides  a  convenient  and  pro- 
tective passageway  for  the  electrical  conductors 
between  the  dynamotor  and  filter. 

15-11.  Nonregulated  system  filter.  Also  shown 
in  figure  39  is  the  filtet, section.  The  purpose  of 
the  filter  is  to  prevent '  radiofrequency  disturb- 
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Figure  40.  Regulated  TEN  system. 


ances,  which  originate  in  the  dynamotor  or  igni- 
tion system,  from  feeding  back  into  the  battery 
circuit.  A  choke  coil  is  in  scries  with  the  dyna- 
motor input.  This  coil  (L5)  offers  low  resistance 
to  the  battery  current,  but  offers  high  impedance 
to  radiofrcquency  currents  returning  to  the  bat- 
tery. At  Uie  same  time,  two  capacitors  (C6  and 
C7)  provide  a  bypass  to  ground  for  the  high- 
frequency  currents.  The  entire  relay  is  inclosed  in 
a  metal  case  to  guard  against  the  possibility  of 
radio-frequency  currents  rcachingjhe  battery  ter- 
minals through  inductive  or  capacitve  coupling. 
Two  bypass  capacitors  (C8  and  C9),  located 
within  the  relay  case  and  connected  between  the 
case,  battery,  and  switch  terminals,  offer  a 
further  check  against  feedback.  The  relay  is  con- 
trolled by  the  OEF  switch. 

15'12.  l^onregulated  system  exciter.  Elec- 
trically, the  exciter  unit  has  two  identical  gaseous 
UJbe  discharge  circuits,  designated  as  Nr.  1  and 
f^r.  2,  each  of  which  serves  its  respective  trans- 
former coil  and  igniter  plug.  The  circuits  arc  in- 
dependent of  each  other,  although  the  two  large 
storage  capacitors  for  Nr.  1  are  contained  within 
the  same  case  as  those  for  Nr.  2.  The  solenoid- 


actuated  relays  H,  L,  and  K,  which  control 
the  test-cutoff  and  air-start  circuits,  are  also  com- 
ponent parts  of  the  base  assembly.  The  letters 
stamped  on  the  relay  contact  spring  stops  identify 
the  relays,  as  shown  in  the  electrical  diagrams. 
The  high-voltage  direct  current  supplied  by  the 
dynamotor  js  fed  into  a  two-contact  electrical 
plug-in  connector  on  the  exciter  base  assembly 
through  a  shielded  two-wire  cable.  The  low-  and 
high-frequency  outputs  of  the  exciter  are  delivered 
through  a  four-wire  shielded  cable,  which  con- 
nects through  the  engine  harness  to  the  trans- 
former coils. 

15-13.  Regulated  system  dynamotor  filter  as- 
.sembly.  In  the  regulated  system,  shown  in  figure 
40,  the  dynamotor-fUter  assembly  also  includes  a 
carbon-pile  voltage  regulator.  The  filter,  voltage 
regulator,  and  relay  are  found  within  a  compan- 
ment  at  the  top  of  the  unit.  The  dynamotor  is 
a  two-pole,  two-magnetic-stack  machine.  The 
stacks,  two  sections  of  laminated  soft  iron 
mounted  on  a  common  shaft,  comprise  the  core, 
the  motor,  and  the  generator  armatures  of  the 
dynamotor.  The  larger  one  is  called  the  main 
stack,  and  the  smaller  the  bo^er.  The  input 
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winding  is  wound  only  on  the  main  stack.  The 
high-voltage  winding  is  wound  in  two  sections: 
one  over  the  main  and  boosjer  stack  and  the 
other  over  the  booster  stack  only.  These  two 
sections,  are  connected^  in  series  on  the  high- 
voltage  output  commutator.  Consequently,  the 
voltage  output  is  the  sum  of  the  voltages  gener- 


ated  in  the  two  windings. 

15-14.  The  main  stack  gives  straight  dyna- 
motor action,  whereas  the  booster  stack  acts  upon 
'the  output  windings  only  and  supplies  generator 
action.  Dynamotor  action  means  simply  that  the 
output  winding  is  wound  over  the  input  one  and  ^ 
is  energized  by  the  motor  field;  therefore,  the 
generator  portion  docs  not  fall  into  one  of  the 
categories   of   ordinary   generators  mentioned 
earlier  in  this  course.  Generator  action  means 
that  the  field  is  energized  by  the  output'  of  the 
generator,  of  which  it  is  a  part.  The  unit  is  spe- 
cially designed-  for  use  with  a  carbon-pile  volt- 
age regulator  similar  to  those  discussed  in  pre- 
vious volumes. 

15-15.  The  carbon-pile  (CP  in  fig.  40)  is  con- 
nected with  the  booster  field.  As  the  input  voltage 
increases,  so  does  the  current  through  the  sole- 
noid winding  This  causes  magnetization  of  the 
solenoid  core,  which  then  reduces  the  pressure  on 
the  carbon-pile  and  raises  its  resistance.  The  in- 
crease in  resistance,  in  turn,  lowers  the  current 
through  the  booster  field.  Thcr  decrease  in  cuirent 
produces  a  reduction  in  the  flux  cut  by  the  rotat- 
ing armature,  so  the  output  voltage  of  the  booster 
section  of  the  HV  winding  is  decreased.  Thus, 
the  combined  action  of  the  special  windings  in 
the  dynamotor,  the  carbon  pile,  and  the  solenoid 
in  the  regulator  tends  to  produce  a  constant  out- 
put voltage,  regardless  of  variations  in  battery 
voltage.  The  filter  assembly  (L5,  C7.  and  C6)» 
including  the  electrical  portion,  is  the  same  as 
that  for  the  nonregulated,  except  for  the  voltage 
regulator  connections. 

15-16.  Regulated  system  exciter.  The  chief  dif- 
ference between  the  regulated  and  nonregulated 
exciters  is  that  the  regulated  unit  does  not  have 
the  solenoid-controlled  test  cutoff  and  sparking 
rate  relays.  Another  difference  is  the  regulated 
system's  use  of  selenium  rectifiers. 

15-17.  Transjormer  units.  Two  transformer 
units,  as  shown  in  figure  40,  are  used  on  bot'h 
systems,  one  for  each  igniter  plug  Electrically, 
each  unit  is  comprised  of  two  transformers  (LI 
and  L2,  and  L3  and  L4),  two  capacitors  (C4 
and  C5),  and  a  spark  gap  (Gl).  These  parts 
arc  inclosed  in  a  single  metal  case.  None  can  be 
diassembled  or  replaced  except  the  spark  gap. 
The  spark  gap  is  a  separate,  glass-inclosed  part. 
The  function  t)f  the  transformer  unit  is  to  amplify 
the  impulses  delivered  by  the  exciter,  to  convert 
them  to  high  frequency,  and  to  apply  them  to  the 


igniter\plugs.  The  energy  from  the  exciter  is  fed 
into  the  transformer  unit  through  a  two-contact 
electrical  plug-in  connector.  The  output  of  the 
transformer  is  then  conducted  to  the  igniter  plug 
through  a  short  high-tension  lead  similar  to  the 
ones  used  on  reciprocating  engines. 

15-18.  Time-delay  'switch.    The  time-delay 


switch  is  used  to  introduce  a  predetermined  time 
delay  between  the  closing  and  the  opening  of  the 
air-start  circuit.  Should  ignition  be  required  in 
flight,  the  pilot  closes  the  air-start  control  switch. 
The  air-start  circuit  then  will  operate  for  about 
95  seconds,  at  the  end  of  which  time  it  will 
shut  off  automatically.  The  time-delay  switch  is  an 
electropneumatic  type;  a  solenoid  closes  the  cir- 
cuit, but  its,  opening  is  delayed  by  a  pneumatic 
mechanism  which  starts  its  timing  cycle  upon  de- 
energization  of  the  solenoid. 

15-19.  The  time-delay  switch  consists  of  a  tim- 
ing head,  a  coil,  a  core  and  spinAle,  and  a  ter- 
minal block  and  switch.  The  principal  components 
of  the  timing  heads  are  an  adjusting  screw,  a 
housing,  a  diaphragm,  a  valve,  and  a  spring. 
The  diaphragm  is  installed  across  a  concavity  in 
the  pressed  metal  housing  to  form  an  air  cham- 
ber, whose  inlet  is  through  a  flat,  seated  valve 
in  the  diaphragm,  and  whose  outlet  is  through 
an  adjustable  orifice  in  the  housing. 

15-20.  The  ^  assembly  has  a  box  and  a 
cover  \yhich  inclose  the  coil.  They  are  made  of 
steel  to  form  a  part  of  magnetic  circuit.  The 
core  and  spindle  include  a  magnetic  core,  operat- 
ing  springs,  a  spindle,  and  a  collar.  The  upper 
end  of  the  spindle  is  attached  fo  the  diaphragm 
coupling  of  the  timing  head.  The  spindle  is  per- 
manently fixed  to  the  magnetic  core,  and  the 
collar  at  its  lower  end  engages  a  switch  secured 
to  the  molded  terminal  case.  Switch  springs  arc 
made  of  a  beryllium  copper  alloy,  and  the  con- 
tacts are  made  of  silver.  The  remaining  parts  of 
the  regulated  and  nonregulated  systems  are  a 
dynamotor-cxciter  lead,  exciter-engine  disconnect 
leads,  and  the  harness  assemblies.  High-tension 
leads  carry  the  high-energy  current  to  the  igniter 
plugs. 

15-21.  Operation  of  TEN-1  Systems.  As"  men- 
tioned cariier  in  connection  with  the  TEN-1 
ignition  system,  the  energy  required  to  fire  the 
igniter  plug  in  the  engine  burner  is  stored  in 
capacitors — not  in  an  induction  coil  as  in  con- 
ventional systems. 

15-22.  Figure  41  shows  a  typical  nonregu- 
lated system.  There  are  two  discharge  tube  and 
transformer  circuits  in  thq  nonregulated  system, 
but  for  simplicity  of  explanation  only  one  circuit 
is  pictured.  During  operation,  the  same  action 
normally  takes  place  in  both  circuits,  which  are 
energized  by  current  from  a  single  dynamotor 
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15-23.  It  will  be  helpful  to  you  to  trace  the 
sequence  leading  to  the  production  of  an  igni- 
tion spark.  When  the  engine  starter  is  energized, 
current  flows  from  the  Starter  ^rminal  on  the 
engine  to  the  Nr.*  1  terminal  on  the  time-delay 
switch  (not  shown)  and  then  through  its  usually 
closed  upper  contacts  to  the  off  switch.  This 
switch  is  closed  for  the  engine  starting  so  that 
current  can  flow  to  -the  switch  terminal  in  the 
dynamotor  Slter  and  can  pass  through  the  ener- 
gizing coil  of  the  dynamotor  relay.  The  closing 
of  this  relay  connects  the  battery  terminal, 
through  the  filter,  to  the  dynamotor.  Then  the 
dynamotor  begins  its  operation.  As  the  dyna- 
motor reaches  full  speed,  it  delivers  a  potential 
of  from  500  to  800  volts  dc  throu^  a  shielded 
cable  into  the. input  terminals  ^of  the  exciter 
unit. 

15-24.  Observe,  in  figure  41,  that  the  dyna- 
motor output  is  applied  to  capacitors  CI  and 
through  resistors  Rl  and  R2,  respectively,  causing 
the  voltage  of  both  capacitors  to  rise  to  the  same 
value  as  that  of  the  dynamotor.  The  voltage 
across  C2  is  also  impressed  across  iht  discharge 
tube  (Tl)  whose  cathode  is  grounded  through 
the  low-resistance  transformer  windings  (LI).  At 
this  time  the  voltage  difference  between  the  grid 
of  the  tube  and  the  cathode  is  virtually  zero; 
therefore,  the  tube  is  not  in  a  conductive  state. 
The  voltage  across  the  tube  is  also  impressed 
across  the  series  combination  of  resistors  (R3 
and  R4).  From  their  junction  point,  a  connection 
is  made  through  another  resistor  (R5)  to  the  grid 
capacitor  (C3),  through  a  resistance  of  relative 
low  value  (R7),  to  the  grid  of  the  tube.  As  a 
result,  a  small  charging  current  flows  into  the 
grid  capacitor  (C3)  through  R5,  and  the  voltage 
on  the  grid  slowly  rises  with  the  charge  on  C3 


until  its  ignition  (triggering)  voltage  is  reached, 
at  which  time  the  tube  is  conductive. 

15-25.  Capacitor  C2  now  discharges-through 
the  tube,  through  LI  and  the  ground  return 
path.  As  this  occurs,  the  rise  of  current  is  ex- 
tremely rapid  and  the  resultant  increase  in  flux 
induces  a  voltage  several  times  greater  in  L2  than 
that  in  LI.  L2  is  the  secondary  winding;  It  has 
more  turns  than  LI.  This  voltage  is  applied  across 
the  spark  gap  (G)  and  L3  and  C5,  which  are 
in  parallel  with  the  gap.  The  voltage  across  the 
gap  thus  rises  with  the  charge  on  C5  until  the 
sparking  voltage  of  the  gap  is  reached,  where- 
upon the  gap  becomes  conductive.  At  this  instant, 
its  resistance  drops  rapidly,  and  the  energy  stored 
in  CS  discharges  across  the  gap.  This  initiates  a 
high-frequency  oscillation  in  the  series-resonant 
circuit  formed  by  C5  and  L3.  Transformer  ac- 
tion between  L3  and  L4  greatly  steps  up  the 
voltage  across  L4,  from  which  point  it  is  ap- 
plied acrdss  the  electrodes  of  the  igniter  plug 
(P).  This  high-frequency  voltage  causes  a  spark, 
even  though  the  electrodes  may  be  fouled  with 
sootbr  oil,  for  the,  high  rate  of  application  ionizes 
and  punctures  the  air  layer  between  the  electrodes 
of  the  plug  (P)  before  there  is  time  for  any  ap- 
preciable amount  of, energy  to  leak  away.  A 
capacitor  (C4)*  provides  a  low-impedance  ground 
return  path  for  the  high-frequency  current  in- 
duced in  L4.  As  soon  as  this  initial  spark  has 
made  the  plug  gap  (P)  conductive,  the  resistance 
of  the  gap  drops  low  enough  to  allow  the  large 
capacitor  (CI)  to  discharge  acrossHt.  The  ex- 
tremely high  energy  in  this  discharge  provides  a 
very  hot  spark  that  starts  the  charge  burning  and 
develops  enough  heat  to  bum  away  any  foreign 
deposits  which  may  be  on  the  electrodes.  The 
discharge  of  Cl  and  C2  lowers  the  plate  and  the 


eKI4W 


ERIC 


Pirire>41.  Single  diicbiirse  drcvit  in  nonreguUted  fyitem. 
66 

■  5ks 


grid  potentials  of  the  tube  xo  a  low  value  in- 
sufficient for  further  conduction.  Thus,  the  tube  is 
rendered  noncond^ctive,  and  9II  action  <*stops  in 
the  transformer  alld  ignition  plug  circuits.  The 
process  is  then  repeated.  In  the  low  sparking  rate  ' 
position,  the  rate  of  operation  is  roughly  10 
sparks   per  ^cond.   ^ 

15-26.  When  the  switch  is  moved  to  the  high. 
spark4ng-^te  (air-start  ^  positioa^JEl5 -is__shuntcd_ 

R6.  (See  fig.  41.)  Therefore,  , the  time  re- 
quired to  charge  the  grid  capacitor  to  a  voltage 
necessary  to  "trigger"  the  grid  is  greatlv  reduced. 
As  a  result,  the  rate  pf  sparking  is  increased 
to  about  30  sparks  per  second. 
-  15-27.  Pilot-operated  switches.  When  the  test 
switch  is  placed  in  test-cutoff,  the  grid  capaci- 
tor is  short-circuited  and,  conscquendy,  the  circuit 
is  inoperative  for  purposes  of  test.  In  actual 
practice,  the  test  and  air-start  switches  are  sepa-' 
rate  relay  types,  controlled  remotely  from  the 
instrument  panel. 

15-28.  The  pilot-operated  ,  switches  arc  not 
components  of  the  electronic  turboignition  sys- 
tem, but  arc  installed  by  the  aircraft  or  en^ne 
manufacturers  as  adjuncts  to  control  the  operation' 
of  the  system.  For  this  reason,  the  design  and 
wiring  details  of  the  control  circuits  may  vary 
in  different  aircraft  installations.  The  data  which 
follows  is  offered  for  the  purpose  of  general  in- 
formation as  to  the  operating  principles  atid  not 
for  purposes  of  service  or  detailed  maintenance 
activity.  The  off  (master)  switch  previously 
shown  in  figure  39  stops  the  entire  ignition  sys- 
tem when  the  switch  is  placed  in  the  of-f  posi- 
tion. 

15-29.  The  air-start  switch  is,  in  effect,  the 
control  medium  for  the  time-delay  switch.  When 
it  is  in  the  normal  '(OFF)  position,  the  current 
for  operation  of  the  solenoid  in  the  dynamotor 
relay  is  obtained  from  the  starter  terminal  on 
the  engine.  The  manner  in  which  this  circuit 
functions  can  be  ifaced  in  the  wiring  diagram 
shown  in  figure  39.  Current  from  the  starter 
passes  through  the  upper  terminal  of  the  time- 
delay  switch,  through  the  off  switch  contacts 
to  the  dynamotor  relay,  thus  energizing  it  and 
closing  the  battery  circuit  to  the  dynamotor.  In 
this  position,  the  ignition  system  will  function 
only,  during  operation  of  the  starter  and  at  the 
low  sparking  rate  used  for  ground  starts. 

15-30.  When  the  air-start  switch  is  closed,  cur- 
rent flows  through  the  solenoid  of  the  time-delay 
switch  and  sets  up  a  magnetic  field  which  pulls 
the  plunger  of  the  solenoid  down,  throwing  the 
contacts  to  the  position  indicated  by  the  dotted 
lines  in  the  diagram.  Current  now  passes  through 
the  off  switch  to  the  dynamotor  relay,  energizing 
it  in  the  usual  manner,  and  then  flows  from  the 
lower  switch  contact  jn  the  time-delay  switch  to 


the  "high"  solenoid  in  the  exciter,  energizing 
the  relay  and  throwing  the  high  sparking  rate 
circuit  into  operation.  Immediately  upon  the  re- 
lease of  the  air-start  switch  there  is  a  45 -second 
time  delay  before  the  contacts  resume  their  nor- 
mal position.  The  high  sparking  rate  circuit  func- 
tions through  this  delay  plus  the  interval  during 
which  the  air-start  switch  contacts  are  held  closed. 
_  15-31.  The  time-delay  switch  functions  as  fol- 
lows: when  the  control  circuit  is  energized,  sole- 
noid action  causes  an  instantaneous  switch  trans- 
fer, opening  one  sot  of  contacts  (solid  lines  in 
diagram)  and  closing  another  (dotted  lines). 
The.  switch  remains  in  this  position  as  long  as 
the  air-start  switch  is  closed.  When  the  control 
circuit  is  deenergized,  the  time  delay  starts.  At 
the  end  of  45  seconds,  the  contacts  return  to 
their  original  position.  The  adjusting  screw  at  the 
top  of  the  time-delay  switch  controls  this  inter- 
val. It  should  not  be  turned  or  disturbed;  other- 
wise, the  timing  of  the  air-start  circuit  will  be  in- 
correct. 

15-32.  Regulated  system  circuit.  The  basic 
principle  of  operation  of  the  regulated  system  is 
the  same  as  that  used  in  the  'nonregulated.  The 
electrical  circuits  djffer  somewhat  because  of  vari- 
ous improvements  in  the  regulated  system.  The 
most  obviou?  differenced  between  the  systems  is 
the  use  of  the  regulated  dynamotor, ,  which  we 
have  already  described.  'However,  if  you  com- 
pare figures  41  and  42,  you  can  sec  other  major 
differences: 

•4RI,  appearing  in  both  systems,  is  a  larger 
resistor  in  the  regulated  system  to  prevent  dam- 
age to  the  dynamotor  or  exciter  in  the  event  of 
a  short  circuit  in  the  harness  or  external  circuits* 

•  The  regulated  system  has  a  rectifier  in  sdries 
with  R2.  This  rectifier,  which  feeds  C2,  improves 
the  operating  characteristics. 

•  The  switch  marked  test  cutoff,  normal. 
and  HIGH  (airstart)  in  figure  41  is  not  included^ 
in  the  regulated  system,  since  it  does  not  use 
the  solenoid  controlled  switches. 

•  R5  has  different  values  in  the  two  systems. 
This  resistor  controls  the  sparking  rate  of  the 
system;  its  value  provides  a  sparking  rate  for  all 
conditions  of  operation,  both  on  the  ground  and 
in  the  air. 

•  R6  docs  not  appear  in  the  regulated  system. 

13-33.  The  off-air-start,  and  time-delay 
switches,  have  the  szane  functions  as  on  the  non- 
rcgulktcd  system,  but  the  connections  'between 
the  time-delay  switch  and  the  exciter  have  been 
eliminated.  In  the  regulated  system,  the  sparking 
rate  is  the  same  as  that  used  for  ground  starts, 
instead  of  being  increased  as  is  the  case  with 
the  nonregulated. 

15-34.  A  further  comparison  wiU  clarify  the 
,    function  of  the  rectifiers.  As  already  pointed  out. 
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there  are  two  separate  circuits  in  the  excite  r»  and 
because  of  the  slight  electrical  differences  in  the 
circuits,  the  sparking  rate  of  one  circuit  may 
vary  slightly  with  respect  to  that  of  the  other. 
Of  course,  the  same  type  of  situation  can  occur 
in  the  regulated  or  nonregulated^  System. 

15-35.  Let  us  assume  that  both  circuits  are  in 
operation  and  that  Nr.  1  is  firing  a  little  faster 
than  Nr.  2.  At  the  start  of  a  cycle,  both  C2 
capacitors  will  be  charged  to  the  full  value  of 
the  voltage  delivered  by  the  dynamotor.  When 
Nr:  1  hrcSy  the  charge  on  its  capacitor  will  be 
promptly  diissipated  through  the  external  circuit 
of  the  system,  and  the  voltage  s^cross  it  will  in- 
stantly fall  to  a  low  value.  Since  Nr.  2  has  not 
yet  discharged^  at  this  instant  there  is  a  fully 
charged  capacitor  connected  through  the  R2's 
in  both  circuits  to  the  discharge  capacitor.  During 
the  interval  immediately  following  the  firings  a 
current  will  flow  from  the  charg^  capacitor  in 
the  Nr.  2  to  the  discharged  capacitor.  This  cur- 
rent lowers  the  voltage  on  the  plate  of  the  dis- 
charge tube  in  the  Nr.  2  and  may  adversely 
affect  its  performance  or  even  shorten  its  ser- 
vice lifjs. 

15-36.  The  rectifiers  prevent  the  lowering  of 
the  voltage  on  either  tube  by  the  process  just  de- 
scribed. Since  the  rectifier  restricts  the  current 
path  to  one  direction^  it  does  not  allow  any  flow 
of  current  out  of  the  capacitor  in  either  circuit 
to  go  into  the  other  branch  through  the  two 
R2  resistors.  The  exciter-to-disconnect  lead, 
harness,  transfohners,  and  igniter  plugs  used  on 
regulated  systems  are  electrically  identical  with 
those  used  on  the  nonre^lated  system. 

15-37.  This  completes  the- discussion  of  TEN 
systems.  These  are  found  on  older  model  air- 
craft, and  all  later  ignition  systems  have  been 
developed  from  the  TEN.  However,  there  are 
some  major  differences  between  later  systems 
and  the  TEN.  Let  us  see  what  they  are.  ^ 

15-38.  TFN-^  IgnWpn  System.  The  TFN-6  is 
a  good  example  of  a  capacitor  discharge  igni- 


tion system.  This  system,  illustrated  in  figure  43, 
furnishes  a  rapidly  pulsating  high-energy  spark 
to  ignite  the  fuel*air  mixture  in  the  combustion 
chamber. 

^  15-39.  Now  we  shall  see  how  the  TFN-6  sys- 
tem operates.  Notice  in  the  illustration  that  there 
are  no  moving  parts  in  this  ignition  unit.  Voltage 
from  the  115-volt,  400-cycle  power  source  is 
applied  to  the  ignition  unit  through  contact  A, 
which  is  grounded  to  the  housing.  This  allows 
current  to  flow  through  primary  winding  L2  of 
the  power  transformer,  to  choke  C9il  LI  of  the 
radio  filter,  and  back  through  contact  B  to  the 
source  of  power.  By  transformer  action,  L2  in- 
duces  a  voltage  of  higher  potential  across  the 
secondary  winding  of  L3. 

15-40.  When  the  upper  end  of  L3  is  positive, 
current  flows  from  the  negatively  charged  end  of 
L3  to  C3.  This  places  a  negative  charge  on  the 
lower  plate  of  C3.  Current  flows  from  the  nega- 
tively charged  end  of  C3  through  V2  and  VI 
and  then  back  to  the  upper  end  of  L3.  When  the  ' 
upper  end  of  L3  is  negative  and  the  lower  end 
positive,  current  flows  through  V3,  V4,  Rl, 
ground,  and  to  C4,  charging  the  bottom*  plate  of 
C4  negatively,  and  then  back  to  L3.  C3  and  C4 
are  thus  charged  in  steps  on  ahemate  half-cycles. 
Since  C5  is  connected  in  parallel  with  C3  and 
C4,  it  is  also  charged  in  steps. 

15-41.  When  the  voltage  of  C5  reaches  a 
predetermined  value,  Gl  will  ionize.  The  ioniza- 
tion of  Gl  causes  current  to  fiow  in  the  high- 
frequency  oscillatory  circuit  of  L4  and  C7.  This 
sudden  surge  through  L4  causes  a  high-voltage 
high  frequency  across  L5.  This  process  ionizes 
the  igniter  plug  gap.  However,  only  a  small 
amount  of  the  total  charge  on  C5  is  required  to 
ionize  this  gap.  As  a  result  of  the  ionized  gap, 
a  low-resistance  path  now  exists  across  C5;  and^ 
C5  discharges  completely,  expending  most  of 
its  energy  in  the  fuel-air  mixture  in  the  igniter 
plug. 

15-42.  R3,  also  shown  in  figure  43,  is  a  load 
resistor  which  prevents  damagp  to  the  ignition 
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Figure  43.  Capacitor  discharge  igniiion  system. 


unit  in  case  of  an  inadvertent  open  circuit  opera- 
tion; and  it  also  discharges  C7  between  sparks. 
Notice  C6,  which  U  connected  across  Gl.  Its 
purpose  is  to  help  maintain  a  steady  discharge 
voltage;  it  also  prevents  re^pike  of  an  arc  through 

15^3.  Thus  far  we  have  discussed  how  an 
engine  is  started  and  what  ignites  the  fuel  air 
mixture  to  keep  it  running.  The  electrician  also 
has  systems  that  control  the  engine  once  it  is 
running  so  we  will  discuss  some  of  them  at  this 
time. 

if 

46.  Related  Power  Plant 
Control  Systems 

'16-1.  In  this  section  we  will  discuss  three  sys- 
tems that  are  used  to  maintain  proper  engine 
temperature.  You  as  an  electrician  will  be  re- 
sponsible for  their  electrical  power.  The*  systems 
are  the  cowl  flap  system,  the  oQ  cooler  control 
system  and  the  antidetonant  injection  system.  We 
will  discuss  them  in  that  order. 

16-2.  Cowl  Flap  System.  All  aircraft  engines 
must  have  some  means -of  maintaining  operating, 
temperatures.  This  is  accomplished  on  recipro- 
eating  engines  by  controlling  the  air  flow  around 
the  cylinders.  This  air  flow  is  controlled  by  open- 
ing or  closing  the  cowl  flaps.  What  moves  the 
cowl  flaps?  To  find  an  answer  to  this  question 
we  will  discuss  a  typical  system.  The  first  point  of 
discussion  will  be  the  cowl  flap* actuator.  Before 
we  start  our  discussion,  Itmei^ber  each  aircraft 
will  vary  to  some'-degree  so  co\ult  the  TO  for 
your  aircraft  when  performing  maintenance  on 
any  of  these  systems. 


16-3.  Actuator.  Each  cowl  flap  actuator  con- 
sist of  a  jackscrew  driven  by  a  split-field  series 
motor.  Some  of  these  motors  have  a  magnetic 
brake  that  prevents  coasting  when  the  switc^  is 
opened.  The  brake  is  released  magnetically  when 
the  actuator  is  operated  in  either  direction.  In 
some  cases,  you  may  find  that  the  motor  drives 
two  actuators  through  the  use  of  flexible  shafts, 
and  a  gear  reduction.  By  controlling  the  move- 
ment of  the  actuator  the  aircrew  can  maintain 
engine  temperature  at  different  altitudes  and 
,  power  settings.  What  is  involved  in  controlling 
this  actuator?  If  you  will  look  at  figure  44,  we 
wQl  find  the  answer. 

16-4.  Open  position.  To  open  the  cowl  flaps 
first  we  must  put  the  control  switch  iii  the 
OPEN  position.  When  we  do  this,  there  is  a  com- 
plete circuit  from  31-48  through  the  control 
*  switch  to  groijnd  at  R2-17.  This  closes  the  open 
relay  completing  the  circuit  from  B1^7  through 
the  open  relay,  the  limit  switch,  thehnal  switch, 
actuator  to  ground.  At  this  time,  the  actuator 
.   opens  the  cowl  flaps  until  the  limit  switch'  is  me- 
chanically actuated.  These  limits  will  vary  so 
check  the  aircraft  TO  for  the  exact  limits  for  a 
particular  system.  With  the  cowl  flaps  open,  the 
air  flow  is  at  its  maximum.  What  happens  if  the 
engine  temp?rautre  drops  below  normal?  What 
do  we  do  then?  You  are  being  inquisitive  but  if 
you  keep  it  up  you  will  be  ahead  of  the  game. 
Now  let's  warm  that  engine  up  again. 

16-5.  Close  position.  To  increase  the  temper- 
ature of  the  engine  we  must  slow  down  the  flow 
of  air  around  the  cylinders.  This  is  done  by  clos- 
ing the  cowl  flaps.  Again  refer  to  figure  44  and 
place  the  control  switch  in  the  close  position. 
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With  the  switch  in  this  position,  a  circmt  is  com. 
pictcd  to  ground  from  Bl-48  through  the  con- 
trol switch  and  R2-18,  the  dose  relay.  When  the 
^ose^la>ys~encr^zed,  tbis^completes  a  circuit 
from  BI--T7  through  the  close  relay  contacts, 
limit  switch  "A",  the  close  coil  of  the  actuator, 
the  thermal  switch,  the  actuator  armature  and  to 
ground.  When  this  condition  exists,  the  actuator 
closes  the  flaps  until  the  limit  switch  is  mechani- 
cally opened.  This  will  slow  the  flow  of  air  around 
cylinders  and  allow  the  engine  temperature  to 
rise  again. 

16-6.  All  of  this  is  fine,  but  it  seems  that  the 
pilot  either  has  a  hot  engine  or  a  cold  engine. 
Doesn't  this  switching  back  an^  fljlpi  take  a  lot 
of  his  time?  Isn't  there  some  way  of  reaching  a 
happy  medium  in 'temperature?  If  so,  just  how 
docs  it  work?  To  answer  these  questions,  we 
need  to  go  back  to  figure  44  again  and  clear  up 
a  few  things. 

16-7.  ?OS,  position.  With  the  control  switch  in 
this  position,  contr9l  of  the  circuit  is  transferred 
to  the  potentioirfcter  in  the  cockpit.  This  gives 
the  aircrew  complete,  control  to  stop  the  cowl 
flaps  anywhere  within  Iheir  limits  of  travel.  This 
control  circuit  consists  of  a  micrc^itioner,  a 
potentiometer  in  the  cockpit  and  a  follow  up  po- 
tentiometer in  the  cowl  flap  actuator.  Check  your 
switch  position  again  so  we  arc  both  together. 
It  should  be  in  the  pos.  position.  Now  let's  see 
what  happens. 


16-jS.  With  the  circuit*  set  as  it  is  in  figure  44, 
there  is  no  current  flow  because  the  resistance  of 
the  **Pot"  in  the  coclcpit  and  the  follow  up  **Por. 
"tthe  one  iri  *tTie  actuator)  Is  equal.  What  hap- 
pens if  the  pot  in  the  cockpit  is  turned  up?  When 
the  resistance  of  the  pot  in  the  cockpit  is  changed, 
it  creates  a  difference  in  potential  between  CI 
and  C2.  This  causes  a  current  to  flow  in  the 
micro-positioner  coil  which  moves  the  armature 
to  close  contacts  R  or  B,  depending  on  the  direc- 
tion of  current  flow.  Powtfr  at  this  time  is  ap- 
plied to  the  actuator  and  it  drives  the  cowl  flap. 
As  the  actuator  moves,  the  wiper  arm  of  the  fol- 
low up  pot  moves  with  it.  When  the  resistance  of 
the  follow  up  pot  is  equal  to  the  pot'  in  the  cock- 
pit, there  is  no  current  flow  in  the  micro-posi- 
tioner coil  and  the  circuit  to  the  actuator  is  in- 
terrupted. In  this  position,  the  pilot  can  stop  the 
cowl  flaps  any  place  he  desires.  Thus  he  can  con- 
trol engine  temperature"  by  controlling  the  air 
flow  around  its  cylinders. 

16-9.  Some  systems  go  one  step  farther  than 
this.^  They  work  automatically.  These  systems 
have  a  heat  sensor  in  the-  engine  area  that  works 
in  conjunction  with  the  pot  in  the  cockpit.  When 
the  temperature  changes,  it  unbalances  a  bridge 
circuit  which  causes  the  actuator  to  reposition 
the  cowl  flaps  to  the  desired  setting.  While  we 
are  discussing  cooling  systems,  let's  switch  over 
to  the  oil  cooler  circuit  while  we  are  close  by. 
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Figure  45.  Oil  cooler  flap  actuator  circuit 


16-10.  Oil  Cooler  Control  System.  This  system 
is  like  the  .cowl  flap  system  to  the  point  that  air 
flow  is  the  cooling  agent.  By  controlling  the  air 
flow  through  the  cooler,  the  proper  operating 
temperature  of  the  oil  is  maintained. 

16-11.  Oil  cooler  flap  actuator.  The  actuator 
changes  electrical  energy  to  liner  mechanical  , 
movement.  In  doing  this,  it  moves  the  oil  cooler 
flap  toward  the  open  or  closed  position.  Electrical 
power  comes  from  the  dc  bus  through  a  circuit 
breafc^and  is  controlled  by  a  three  position 
switchlvhe  positions  are  open,  close  and  off^ 
The  switch  is  spring-loaded  to  the  off  position. 
The  liner  movement  of  the  actuator  is  Jimited  by 
two  adjustable  limit  switches.  The  motor  of  the 
actuator  is  radio  noise  free  and  has  a  magnetic 
friction  brake.  All  of  this  is  fme  but  how  docs  it 
work?  If  you  will  take  a  look  at  figure  45.  we 
will  answer  that  question. 

16-12.  Open  circuit.  One  thing  we  need  to  get 
clear  before  we  hit  the  switch,  is  to  become  fa- 
miliar with  the  way  the  circuit  is  drawn.  Each 
manufacturer  has  a  different  way  of  drawing  cir- 
cuits. Basically  they  all  look  alike  but  there  are 
always  a  few  peculiarities.  If  you  will  note  in  this 
circuit,  all  the  switches  are  open.  So.  when  we 
mention  normal  operation  you  can  assume  that 
both  the  limit  and  thermal  switches  are  closed. 

16-13.  Now  that  we  have  that  little  matter  out 
of  the  way.  let's  place  the  control  switch  in  the 
OPEN  position  and  see  what  happens.  This  com- 
pletes a  circuit  through  the  limit  switch,  the 
*'opcn"  field  coils,  the  thermal  switch,  the  brushes 
and  armature,  the  magnetic  brake  coil,  and  to 
ground.  When  current  starts  to  flow,  the  "brake" 
coil  releases  the  brake  and  the  actuator  drives 
until  the  "open"  limit  switch  is  mechanically  aau- 
ated.  Remember  though,  the  control  switch  is 
spring-loaded  to  the  off  position  so  any  time 
the  switch  is   released  the  circuit  is  interrupted. 


This  will  engage  the  magnetic  brake  and  stop  the 
actuator.  Thus  the  aircrew  has  full  control  of  the 
oil  cooler  flap. 

16-14.  Close  circuit.  This  circuit  is  the  same  as 
the  open  circuit  except  the  "close"  coil  of  the 
actuator  causes  it  to  operate  in  the  opposite  di- 
rection. Look  at  figu^  45  again  and  trace  the 
"close"  circuit  out..  Ym  should  know  what  hap- 
pens. If  you  run  into  a  problem  go  back  and  read 
the  paragraph  on  the  "open"  circuit. 

16-15.  How  about  those  condensers  in  the 
circuit?  What  are  they  for?  If  you  remember,  a 
few  paragraphs  back  we  said  that  the  actuator 
motor  was  radio  noise  free.  These  condensers 
are  the  reason  for  this.  Between  the  limit  switches 
and  armature  action  there  is  quite  a  bit  of  arcing 
in  the  circuit.  The  condensers  prevent  much  of 
this  arcing  and  filter  out  the  radio  noise. 

16-16.  This  concludes  the  discussion  on  the  oil 
cooler  control  system.  There  is  one  other  area 
we  need  to  discuss  before  we  leave  the  power 
plant  control  systems  and  th^t  is  antidetonating 
injection  system  commonly  referred  to  as  the 
ADI.  Don't  let  the  name  shake  you  up  too  much. 
It  really  isn't  as  bad  as  it  sounds. 

16-17.  Antidetonating  Injection  System  (ADI). 
Many  people  refer  to  this  system  as  the  water 
injection  system,  you  will  see  why  as  we  discuss 
it.  There  are  times  when  the  pilot  wants  every  bit 
of  power  he  can  get  out  of  an  engine  without 
exceeding  its  safe  limits.  At  such  times  cylinder 
head  temperatures  soar  to  a  maximum  and  deto- 
nation could  occur.  To  prevent  detonation  a 
water-alcohol  mixture  is  injected  into  the  cylin- 
der. The  flow  of  ADI  fluid  is  controlled  by  a 
water  regulator  and  is  also  proportional  to  the 
rate  of  the  fuel '.flow  to  the  engine.  Just  what 
does  the  electrician  do  to  maintain  this  system? 
Isn't  this  system  in  the  engine  mechanic's  area  of 
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Fifure  46.  ADI  control  circuit 


responsibility?  Well,  yes,  it  is  tlw  mcclianic's  sys- 
tem but  there  is  a  small  item,  like  an  electrical 
driven  pump,  that  we  have  to  consider.  Along 
witb^-  this,  we  have  a  power  circuit  and  a  con- 
trol circuit  to  maintain.  The  major  electrical  com- 
ponent is  the  pump  assembly  so  we  will  start 
our  discussion  there. 

16^18.  Vfoitr  injection  pump,  A  typical  pump 
assembly  is  a  28-volt  dc  motor  that  drives  a 
centrifugal  pump.  The  motor  and  pump  are 
sealed  in  a  water-tight  housing  which  is  sub- 
merged in  the  ADJ  fluid.  The  pump  is  controlled 
by  a  switch  in  the  cockpit.  The  control  switch 
operates  a  relay  that,  when  closed,  delivers 
power  to  the  pump  motor.  Take  a  look  at  figure 
46  and  you  will  sec  the  electrical  circuit  for  the 
system. 

16-19.  Circuit  operation.  First  you  will  note 
there  is  a  water  quantity  circuit  in  the  drawing. 


We  will  bypass  this  portion  of  the  system  since  it 
belongs  to  the  instrument  people.  Our  portion  of 
the  system  is  the  control  circuit  and  power  circuit. 
You  will  note  that  power  fpr  both  circifits  is 
supplied  by  a  28-volt  dc  bus  and  they  are  also 
protected  by  the  same  25  amp  circuit  breaker. 
When  the  control  switch  is  placed  in  the  on 
position,  a  circuit  is  completed  from  the  power 
source  through  the  circuit  breaker,  the  control  * 
relay  coil,  the  switch  and  to  ground.  A$  current 
flows  through  the  relay  coil,  the  contacts  are  % 
closed,  and  power  is  applied  to  the  pump  mptor. 
The  system  continues  in  operation  as  long  as  the  ,  ^ 
switch  is  in  the  on  position.  The  pilot  only  uses 
this  system  when  he  need^  to  use  high  power 
settings.  This  concludes  our  discussion  on  ways  ' 
of  controlling  the  power  plant  and  related  sys-  I 
terns.  We  will  now  turn  our  attention  to  utility 
systems. 
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utility  Systems 


THERE  WAS  a  Ume  when  people  used  li^ts 
that  demanded  much  more  attention  than 
lights  vrfhich  we  use  now.  Many  years  ago  main- 
tenance of  lighting  equipment  such  as  kerosene 
lamps  required  filling  the  reservoir,  cleaning  he 
chimney.^haping  and  cleaning  the  wick  and  aj 
iusUne  the  height  to  give  the  meager  yellow  flare 
of  St  that  was  used  for  all  lighting  purposes. 
Before  the  kerosene  lamp  was  used  dnppmg 
Eg  cidles  were  fed  for  light  ng  In  any 
event.%he  housewife  spent  a  good  deal  of  ume 
maintaining  and  servicing  l.ghtmg  «q"'P"^f  ^ 

2.  As  the  electric  light  became  more  and  more 
common,  the  maintenance  of  lights  and  hghtrng 
equipment  became  less  and  less  of  a  chore 
tJday  when  a  light  fails  we  merely  assume  that 
the  bulb  has  burned  out.  Ninety  nine  times  ou  of 
a  hundred,  replacing  the  bulb  restores  the  .ght  to 
.a  serviceable  condition.  If  it  were  not  for  the 
great  dependability  of  present-day  electncal  equip- 
ment, the  operation  of  highly  comphcatedegnp^ 
ment  such  as  automobiles  and  aircraft^ia  oe 
Teh  more  of  a  problem,  ^^^^o,^^-^ 
includes  the  lighting  systems  which  are  used  on 
aircraft  and  which  are  the  subject  of  this  chapter. 

3  Lights  on  an  aircraft  are  used  for  two  pur- 
poses. Some  lights  are  designed  to  attract  at- 
Untion  or  to  be  seen.  Others  are  designed  to 
flood  an  area  with  light  so  that  details  m  he 
area  may  be  recognized.  Lights  for  both  pur- 
poses are  used  on  aircraft  and  both  types  of  light 
may  be  found  in  the  group  of  systems  desig- 
nated as  interior  lighting  systems.  The  saihe  may 
be  said  for  the  lights  designated  as  extenor  light- 
ing systems.  We  shall  cover  both  interior  and  ex- 
terior lighting  systems  in  this  chapter  and  we  shall 
also  discuss  some  of  the  methods  of  circuit  analy- 
sis and  troubleshooting. 

17.  Interior  Lighting  Systems 

17-1  The  types  and  numbers  of  interior  light- 
ing systems  vary  from  one  type  of  aircraft  to 
another.  Small  aircraft,  such  as  fighters,  have  in- 
strument lights,  panel  lights,  white  and  red  flood- 


lights, and  a  portable  spot  and  floodlight.  Larger 
aircraft,  such  as  bomber  and  cargo  planes,  have 
several  other  interior  lighting  systems  These  in- 
clude/entrance aAd  aisle  lights,  walkway  and 
crawiway  lights,  bomb  bay  lights  in  bomben,  ■ 
or  cargo  bay  lights  for  cargo-type  aircraft.  The 
necessary  panel  and  instrument  lights  are  installed 
at  each  crewmember's  station. 

17-2  Instrument  Lights.  Lights  which  are  used 
to  illuminate  instruments  may  be  divided  into 
two  groups,  primary  lights  and  secondary  lights. 
The  primary  lights  consist  of  individual  lights  lo- 
cated inside  the  hoods  to  provide  illumination  for 
one  particular  instrument.  Included  with  priniary 
lights  are  edge  lights,  which  illuminate  the  letter- 
inW)n  the  control  and  circuit  breaker  panels. 
Th«e  lights  are- mounted  in  the  Pl^lJ-^  P^^^^ 
so  that  the  light  radiates  only  through  the  plastic. 
The  panels  are  painted  with  a  black  vinyl  lacquer. 
Lettering  on  the  panel  is  etched  through  ^e 
lacquer  so  that  the  light  radiating  through  the 
plastic  makes  the  lettering  easy  to  read.  The  sec- 
ondary lights  are  floodlights  that  provide  light 
for  the  instruments  when  the  pnmary  system  faUs. 
t^-17-3  Instrument  lighting  circuits.  A  simplified 
Uematic  of  a  typical  instrument  Ughting  circuit 
is  shown  (n  tigure  47.  Notice  that  the  system  is 
■powered  by  HSjivolts  ac.  The  high  voltage  is  re- 
duced by  a  variable  transformer  which  niainte- 
nance  personnel  refer  to  as  a  "Variac.  The 
CONSOLE  LIGHTS  CONTROL  permits  a  variable 
voltage  from  zero  to  28  volts.  From  the  wiper 
arm  of  the  variable  transformer  you  will  noUce 
the  power  is  applied  to  the  edge  lights,  the 
STANDBY  COMPASS  light,  several  panels  shown  at 
the  bottom  of  the  schematic,  and  to  an  auto- 
transformer  that  supplies  the  integral  instrument 
liehts  This  voltage  varies  from  zero  to  5  volts  as 
the  wiper  of  the  console  lights  control  is 
moved  from  off  to  brt. 

17-4  Floodligf}ts^.  If  the  instrument  light  cir- 
cuit  fails,  the  pilot  still  has  the  left  and  right  con- 
solfc  floodlights  and  the  instrument  panel  emer- 
gency floodlights.  The  circuit  for  these  lights  is 
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shown  in  figure  48.  This  figure  illustrates  a  typi- 
cal  circuit,  but  it  may  be  quite  different  from  cir- 
cuits  with  which  you  ar«  familiar.  The  spot 
(single-pole,  double-throw^  switch,  which  is 
mechanically  connected  to  the  wiper  arm  of  the 
CONSOLE  LIGHTS.  CONTROL  variable  transformer, 
^i$  actuated  whenever  the  console  lights  con-' 
TROL  is  moved  from  the  off  position.  Therefore, 
the  LEFT  and  right  console  red  floodlights 
are  on  whenever  the  instrument  lights  are  on. 
The  pilot  can  switch  them  from  dim  to  medium 
or  bright.  When  they  are  switched  to  the  dim 
position  they  have  7.5  volts  applied.  When  they 
are  switched  to  med  they  are  connected  to  a 
14-volt  bus,  and  when  they  are  in  the  brt  posi- 
tion they  have  28  volts  applied.  The  floodlights 
have  red  lenses  to  reduce  night  blindness. 

17-5.  White^ood^ghts  are  provided  on  most 
aircraft  for  use  during  thunderstorms  to  lessen  the 
blinding  effecr  of  lightning  flashes.  They  are  also 
used  in  the  daytime  during  dull  light  connections. 
These  lights  arc  often '  connected  to  the  dc  bus 
and  serve  as  emergency  instrument  lighting  if  ac 
power  fails. 

17-6.  A  utility  spotlight,  commonly  referred 
to  as  a  light,  is  generally  located  at  each 


crewmember's  station  on  most  aircraft.  It  is  at- 
tached to  a  long,  coiled,  electric  cord.  It  can  be 
removed  from  its  mounting  bracket  and  attached 
to  any  convenient  spot  by  means  of  a  spring  clip. 
The  light  can  be  changed  from  red  to  white  by 
turning  the  lens  housing.  The  light  contains  an 
integral  on-off  switch  that  includes  an  intensity 
control.  A  pushbutton  is  provided  on  the  case, 
near  the  control  switch.  This  button'providcs  full 

^  light  intensity,  regardless  of  the  setting  of  the 
intensity  control.  This  light  may  be  used  for 
utility  purposes  as  well  as  for  mapreadlng. 

17-7.  Warning  Lights.  The^pumber  of  warning 
lights  installed  in  an  aircraft  varies,  depending  on 
the  number  and  complexity  of  its  systems.  Each 
warning  light  is  studied  as  a  part  of  its  specific 
system.  However,  provision  is  usually  made  for 
testing  the  operation  of  the  lights  as  a  group. 

*  In  most  cases  this  is  done  by  means  of  a  momen- 
tary contract  toggle  switch.  When  the  switch  is 
held  on,  the  warning  lights  will  illuminate,  and 
they  will  go  off  when  the  switch  is  released. 
Warning  lights  are  used  to  indicate  unsafe  cpndi- 
tibns.  such  as  landing  gear  that  is  not  locked, 
low  fuel  level  or  pressure,  or  possibly  a  bomb"^ 
bay  door  that  is  not  completely  closed. 
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17-8.  Other  Interior  Lights*  So  far  in  this  chap- 
ter we  have  discussed  the  lighting  systems  found 
on  most  aircraft.  The  larger  tanker,  cargo,  and 
bomber-type  aircraft  have  several  lighting  Sysicjns 
that  are  not  required  on  the  smaller  craft.  Cargo 
and  passenger  aircraft  have  cabin  ^d  cargo 
compartment  lights,  which,  of  course,  are  un- 
necessary on  other  aircraft.  Bombers  have  bomb 
bay  lights  and  crawlway  and  wallcway  lights,  as 
well  as  lights  in  equipment  storage  areas. 

17-9.  Tanker  aircraft  such  as  the  KC-135 
have  lights  in  the  boom  operator's  compartment 
that  are  similar  to  the  lights  in  the  pilot's  com- 
partment. These  include  instrument  and  panel 
lights,  floodlights,  and  a  utility  spotlight;  all  of 
these  have  been  described  earlier. 

17-10.  Wheel  wells  on  the  larger  aircraft  also 
contain  lights  to  provide  illumination,  either  in 
flight  or  on  the  ground,  for  the  wheel  well  and 
surrounding  areas.  A  control  switch  is  generally 
found  in  one  wheel  well  vvhich  the  refueling 
crew  can  use  to  provide  light  for  single  point 
^ourid  refueling.  The  wheel  well  lights  may  be 
operated  on  either  ac  or  dc  power.  This  situa- 
tion enables  the  ground  crew  to  operate  the  wheel 
well  lights  on  dc  power  during  ground  refueling 
Operations. 

17-  11.  The  trend  in  modem  aircraft  is  toward 
ac  lighting  systems.  Provisions  are  incorporated 
in  these  aircraft  to  provide  dc  power  for  emer- 
gency lights.  Cabin  lights,  cargo  compartment 
lights,  and  the  ground  refueling  light  are  some  of 
the  lights  which  operate  from  this  dc  power. 

18.  Exterior  Lighting  Systems 

18-  1.  The  exterior  lighting  systems  generally 
fall  into  onb  of  two  categories:  those  which  in- 
crease pilot  visibility  or  those  which  attract  the 
attention  of  other  aircraft.  The  first  category  of 
improving  visibility  pertains  to  the  landing  and 
taxi  light  systems.  These  systems  provide  the 
lighting  that  is  required  on  takeoffs,  landings, 
and  ground  taxi  operations.  The  second  category 
of  exterior  lights,  that  of  attracting  attention, 
helps  to  prevent  aircraft  collisions.  Systems  that 
are  designed  to  attract  attention  include  naviga- 
tion lights  (often  called  position  lights),  anticol-^^ 
LisiON  LIGHTS,  and  join-up  or  formation  lights. 
On  aircraft  that  can  be  refueled  in  flight,  lights 
are  installed  in  the  air  refueling  receptacle  and  at 
the  wing  roots  for  overwing  lighting.  Tanker-type 
aircraft  also  have  additional  exterior  lights  to 
facilitate  refueling. 

18-2.  Landing  Lights.  The  landing  li^t  or 
lights  are  mounted  so  that  when  they  areTurned 
on  they  direct  a  beam  of  light  forward.  As  their 
name  implies,  these  lights  are  used  for  illumina- 
tion during  night  landings.  Landing  light  systems 


vary  from  one  aircraft  to  another,  but  a  typical 
circuit  for  an  entire  exterior  lighting  system  is 
shown  in  foldout  6.  The  control  voljtage  for  the 
landing  light  comes  from  the  dc  bus  through  a 
5-ampere  circuit  breaker  and  the  landing  lt 

AND  TAXI  UGHT  SWITCH  tO  the  LANDINoTfJoHT 

RELAY.  The  relay  ground  is  through  the  left  main 
landing  gear  down  limit  switch.  This  insures  that 
the  landing  light  will  not  come  on  with  the  lahd- 
ing  gear  up.  When  the  relay  closes,  28  volts  of 
ac  power  is  applied  to  the  landing  light  filament. 
In  this  particular  installation,  the  landing  light  is 
installed  in  the  door  that  covers  the  nose  wheel 
'well.  When  the  wheel  well  door  is  open,  the  land- 
ing light  is  in  proper  position  for  landing. 

18-3.  As  we  mentioned  earlier,  landing  light 
systems  vary  between  aircraft.  On  some  aircraft, 
a  landing  light  is  mounted  in  the  leading  edge  of 
each  wing,  a  light  is  attached  to  the  nosewheel, 
and  a  retractable  light  is  on  the  underside  of  the 
right  wing.  The  two  wing  lights  can  be  turned 
on  and  the  retractable  light  can  be  extended  and 
turned  on  with  the  landing  gear  up.  The  nose 
gear  light  will  not  come  on  until  the  gear  is 
down  and  locked.  Dc  is  used  to  control  the  land- 
ing lights,  including  the  motor  of  the  retractable 
light;  however,  the  filaments  of  all  of  them  are 
energized  by  28  volt  ac.  The  retractable  light  is 
extended  and  retracted  by  a  dc  reversible  motor.' 
Limit  switches  are  incorporated  into  the  circuit  to 
limit  travel  of  the  lamp  assembly  and  turn  off 
the  light  when  the  assembly  is  reuacted. 

18*4.  Another  landing  light  system  includes  a 
crosswind  landing  light  and  a  terrain  clearance 
light.  The  crosswind  landing  light  is  mounted  on 
the  steerable  front  wheels  and  illuminates  the 
area  in  the  direction  in  which  the  front  wheels 
are  aimed  rather  than  in  the  direction  in  which 
the  aircraft  is  aimed.  During  the  crosswind  land- 
ing, the  two  directions  may  be  quite  different. 
The  terrain  clearance  light  is  a  retractable  light 
that  directs  its  light  (when  extended)  down  and 
forward  so  that  the  pilot  may  better  judge  his 
distance  above  the  runway. 

18-5.  One  more  landing  light  system  is  a  re- 
tractable type  of  assembly.  The  assembly  carries 
a  lamp  which  has  two  filaments  of  different  watt- 
age ratings.  The  high-wattage  filament  is  in  use 
when  the  control  switch  is  in  the  landing  light 
position,  and  the  low-wattage  filament  has  power 
applied  when  the  switch  is  moved  through  off 
to  the  TAXI  position. 

18-6.  Taxi  Lights.  Taxi  lights  are  used  on  air- 
craft to  provide  lifeht  while  the  aircraft  is  being 
taxied  at  night.  They  are  often  less  bright  than 
the  landing  lights,  as  indicated  in  the  above 
paragraph,  but  they  are  usually  mounted  in  Al- 
most the  same  position.  The  taxi  light  system 
shown  in  the  exterior  light  schematic  (FO  6) 


uses  a  separate  terminal  of  the  same  control 
switch  as  the  landing  light  and  parallels  the  land- 
ing light  circuit  throughout. 

18.7.  On  systems  that  employ  the  crosswind 
landing  light,  a  crosswind  taxi  light  is  also 
mounted  on  the  same  bracket.  This  provides 
light  ahead  of  the  wheels  when  they  are  not 
pointing  in  the  same  direction  as  the  aircraft 
because  of  a  high  crosswind. 

18-8.  In  a  typical  tanker  aircraft  system,  the 
wing  illumination  lights  are  incorporated  into  the 
taxi  light  system.  The  taxi  and  wing  illumination 
lights  may  be  turned  on  in  flight  to  provide  light 
/du^g  air  refueling  operations. 

18-9.  Position  Ll^.  The  position  lights  are 
ofteji  called  navigation  lights.  These  lights  are 
mounted  on  the  wingtips  and  tail  assembly  of  the 
aircraft.  The  left  wing  light  is  red,  the  right  wing 
light  is  green,  and  the  laillight  is  white.  On  the 
schematic  of  exterior  lighting  systems  (FO  6),  \i 
can  be  seen  that  the  position  lights  are  closely 
associated  with  the  join-up  lights.  The  join<yp 
lights  take  the  place  of  formation  lights  on  some 
other  types  o^  aircraft.  On  the  external  lights 
control  panel  are  two  switches  that  control  the 
position  lights.  One  of  them  controls  both  wing 
lights  and  the  other  controls  the  taillight.  The 
lights  may.  be  turned  on  either  bright  or  dim. 

18-10.  Powep  for  the  lights  when  they  are  on 
BRT  comes  from  a  28-volt  ac^bus  through  a  15- 
ampere  circuit  breaker:  Power  for  the  dim  lights 
comes  from  14-volt  ac  bus  through  a  10-ampere 
circuit  breaker.  Power  for  the  wing  lights- then 
goes  from  the  switch  directly  to  the  light  trans- 
formers, where  the  voltage  is  steppci^/iown  to  6 
volts  for  both  the  position  lights  and  the  join-up 
lights.  Power  for  the  white  taillight  goes  to  a  set 
of  contacts  in  the  flasher  relay  and  then  to 
the  taillight  transformed.  Notice  the  flags  num- 
bered "6'*  at  the  transformer  and  at  the  light. 
These  flags  indicate  a  note  at  the  bottom  of  fold- 
out  6  which  tells  us  of  a  change  in  wiring  on 
some  installations. 

18-11.  In  order  for  the  taillight  to  cbme  on, 
the  set  of  contacts  in- its  power  lead  controlled 
by  the  flasher  relay  must  be  closed.  In  this  way 
the  white  formation  light  is  tied  in  with  the 
flasher  system  and  the  anticollision  system.  Power 
to  close  to  the  flasher  relay  comes  through  the 
ANTICOLLISION  SWITCH.  Whcn  the  switch  is  in  the 
steady  position,  the  flasher  relay  stays  closed. 
When  the  switch  is  in  the  flash  position,  power 
to  the  FLASHER  RELAY  is  interrupted  by  the  flasher 
as  It  opens  and  closes  the  circuit.  In  the  steady 
position,  28-volt  dc  is  applied  across  the  switch* 
across  the  jumper  between  B  and  C  terminals  of 
the  flasher,  and  on  the  coil  of  the  flasher  relay. 
The  taillighl  will  now  illuminate  and  remain  as  a 
steady  white  light. 


18-12.  When  the  anticollision  switch  is  in 
the  FLASH  position,  the  dc  power  is  applied  to 
the  A  terminal  of  the  flasher,  causing  the  flasher 
to  operate.  The  flasher  consists  of  a  dc- motor  ^ 
that  drives  a  rotary  cam  which  opens  and  closes 
a  set  of  contacts  that  energize  terminals  B  and  C 
at  intervals.  The  interrupted  power  is  then  ap- 
plied to  the  FLASHER  RELAY,  which  opens  and 
closes,  causing  the  taillight  to  flash  on  and  off. 
The  flasher  also  controls  the  anticollision 

LIGHTS. 

18-13.  Anticollision  Lights.  The  anticollision 
LIGHTS  are  designed  to  flash  on  and  off  to  at- 
tract the  attention  of  other  nearby  aircraft  so  that 
collisions  may  be  prevented.  In  our  schematic  cir- 
cuit, the  anticollision  lights  and  fuselage 
LIGHTS  are  interconnected.  Power  for  one  (upper 
one  on  FO  6)  of  the  anticollision  lights 
comes  through  a  10-ampere  circuit  breaker  from 
the  28-volt  ac  bus.  It  passes  through  a  set  of  con- 
.tacts  of  the  flasher  relay  and  the  anticolli- 
sion RELAY  before  going  to  the  light.  Theftfore, 
both  relays  must  be  energized  before  this  light 
will  illuminate.  ^ 

18-14.  Power  for  the  other  anticollision 
LIGHT  comes  from  the  28-volt  ac  line  through  a 
15-ampere  circuit  breaker.  This  circuit  breaker  is 
larger  than  the  circuit  breaker  which 'serves  the 
other  anticollision  light,  because  power  for^the  fu- 
selage lights  also  comes  through  it.  Power  for  this 
anticollision  light  also  passes  through  con- 
tacts in  both  relays  and  then  on  to  the  lights.  At 
the  flasher  relay,  a  lead  joins  the  anticollision 
power  lead.  This  lead  connects  to  a  set  of  flasher  ^ 
relay  contacts,  which  when  closed  will  permit 
power  to  go  to  the  fuselage  light  switch.  From 
the  switch  it  goes  to  the  fuselage  lights  in  either 
the  DIM  or  BRT  position.  When  it  is  in  the  brt 
position,  the  flasher  will  be  energized  by  (he 
jumper  across  B  and  C  terminals,  as  described  \ 
previously.  However,  the  anticollision  relay 
will  not  be  energized;  therefore,  anticollision  will 
not  come  on. 

18-15.  When  we  move  the  anticollision 
switch  to  the  flXsh  position,  power  from  the 
flash  terminal  of  the  switch  is  applied  to  the  top 
section  of  the  fuselage  switch.  Now,  if  the 
FtJSELAGE  SWITCH  is  in  the  BRT  position  the 
anticollision  relay  will  close  and  the  anti- 
collision  LIGHTS  will  flash.  To  sum  up,  the 
anticollision  LIGHTS  will  come  on  only  when 
the  fuselage  lights  are  on  bright  and  flashing. 

18-16.  Fuselage  Lights.  The  fuselage  lights 
shown  on  our  schematic  of 'exterior  lighting  sys-  ^ 
tems  are  not  found  on  all  types  of  aircraft.  The 
circuit  for  these  lights  is  fairly  simple.  The  switch 
setting  determines  whether  the  lights  are  bright 
or  dim.  They  can  be  made  to  flash  or  burn  steady 
at  either  switch  setting.  The  lamps  are  of  the 
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double-fUament  type  and  the  filaments  are  of 
different  wattage  ratings.  One  of  the  filaments  is 
energized  for  bright  lights,  the  other  for  dim 
lights.^  A  separate  transformer  that  steps  the  volt- 
age down  to  6  volts  froni  28  volts  is  used  to  ener- 
gize each  filament 

18*17.  Other  Exterior  Uf^ting  CbeaitM.  Nearly 
every  type  of  aircraft  has  some  type  of  lighting 
circuit  that  is  peculiar  to  its  configuration,  since 
it  is  designed  to  serve  a  particular  purpose.  For 
example,  the  join-up  lights  on  the  F-4C.mark 
the  traiUng  edge  of  the  wingtip  as  a  guide  to 
other  aircraft  flying  formation.  Aircraft  designed 
for  air  refueling  have  exterior  lights  maddng  the 
refueling  receptacle. 

18-  18.  Tanker  aircraft  are  equipped  with  a 
rendezvous  light  system.  This  system  consists  of 
rotating  lights  on  both  the  bottom  and  top  of  the 
aircraft.  They  serve  as  beacons  for  aircraft  ap- 
proaching for  air  refuelmg.  Each  lamp  assembly 
contains  four  lights.  Two  of  them  reflect  a  high 
beam  and  the  other  two  reflect  a  low  beam.  Also, 
two  of  the  lights  are  of  one  color,  and  the  others 
are  another  color.  By  controlling  which  color 
and  which  beam  is  illuminated,  coded  signals  can 
be  flashed  to  aircraft  in  the  vicinity. 

19.  Lighting  System  Anotysis 
and  Maintenance 

19-  1.  A  great  part  of  troubleshooting  can  be 
eliminated  or  at  least  reduced  t>y  carefully  analyz- 
ing an  ailing  system  from  technical  order  sche- 
matic diagrams.  In  most  cases  involving  lighting 
systems,  however,  the  trouble  is  a  bumcd-out 
bulb.  This  trouble  is  so  common  that  provisions 
are  made  to  carry  spare  bulbs  ior  the  light  in- 
stallations that  are  accessible  during  flight.  It  is 
common  practice  to  change  the  light  bulb  hefore 
performing  any  maintenance  procedure,  except 
checking  to  see  that  the  circuit  breaker  has  not 
opened.. It  is  when  changing  bulbs  docs  not  cor^ 
rect  a  malfunction  that  circuit  analysis  and  trou- 
bleshooting begin.  .  ^      ^  ^ 

19-2.  Circuit  Analysis.  In  order  to  analyze 
circuits 'you  must  know  the  types  of  circuits, 
such  as  whether  a  circuit  is  a^series,  a  parallel,  ^ 
'  or  a  combination  series-parallel  circuit.  You  must 
recogi^ize  the  symbols  used  on  schematic  and 
wiring  diagran;}s  to  denote  circuit  components." 

19-3.  Let  us  use  the' exterior  light  systen\  sche- 
matifc  (FO  6)  and.  determine  from'  the  diagram 
what  the  trouble  might  bc-if  the  taxi  light  did  not 
come  on  but,  with  the  switch  in  the  proper  posi- 
tion, the  landing  light  lit.  We  stated  above  that 
changing  the  bulb  would  often  be  the  first  step 
when  trouble  developed,  but  in  thQ  case  of  a 
large  light  assembly,  such  as  the  taxi  light,  you 
would  quite  likely  check  it  first.  To  determine  the 


possible  reasons  for  the  lamp  not  burning,  you 
should  apply  a  little  logic.  We  know  the  control 
circuit  is  good  from  the  bus  to  the  switch  be- 
cause that  much. of  the  circuit  is  in  common  with 
the  landing  light.  Also,  the  ground  circuit  of  the 
relays  is  good  through  the  l.h.  limit  swtfch 
(gear  dn).  So  now  the  lead  from  the  taxi  termi- 
nal on  the  switch  to  the  taxi  relay  coil,  the  relay 
coil,  or  the  lead  from  **X2"  of  the  taxi  light 

RELAY  to  **X2"  of  the  LANDING  LIGHT  RELAY 

might  be  the  trouble.  Also,  the  trouble  might  be 
anywhere  in  the  power  circuit  from  the  circuit 
breaker  to  the  ground  of  the  taxi  light. 

19-4.  Before  we.  cover  troubleshooting,  let's 
analyze  another  circuit.'  Suppose  the  upper  fuse- 
lage light  did  not  come  on  with  the  switch  in  the 
DIM  position.  You  would  know,  after  a  brief 
study,  that  the  trouble  was  .either  in  the  trans- 
former, the  bulb,  the  socket,  or  the  short  con- 
necting wires  of  the  dim  circuit.  In  this  case,  a 
change  of  bulbs  would  probably  be  the  fastest 
check  and,  therefore,  the'  first  check.  If  changing 
bulbs  did  not  correct  the  trouble,  further  steps 
would  be  necessary.  ^ 
19-5.  Other  circuits  of  the  schematic  may  be 
analyzed  in  much  the  same  way  as  the  two 
simple  examples  we  have  discussed.  However, 
since  some  of  the  circuits  contain  more  compo- 
nents and  are  more  complicated  than  these  two 
circuits,  in  actual  practice  it  would  take  more 
time  to  analyze  them.  After  you  have  analyzed 
the  system  and  have  determined  just  what  fac- 
tors could  cause  a  circuit  to  malfunction  in  a 
particular  way,  you  are  ready  to  troubleshoot. 

19-6.  Troableshooting*  If  the  circuit  analysis 
has  been  thorough,  troubleshooting  of  the  cir- 
'^uit  consists  of  a  few  simple  checks.  The  checks 
can  be  made  with  either  a  voltmeter  or  an  ohm- 
meter.;  Most  mechanics  prefer  the  voltmeter  be- 
cause it  is  easier  to  use  and  is  faster,  and  also 
because  it  is  not  necessary  to  isolate  the  circuit 
to  get  true  readings  when  it  is  used.  Since  the 
circuit  being  tested  with  a  voltmeter  must  have 
voltage  applied  when  tests  ^are  being  jnade,  the 
mechanic  must' take  necessary,  safety  precautions. 

19-7.^T5siftg''^i?'cirouit  of  the  taxi  light  that 
we  analyzed  on  foldout^  6,  a  voltmeter  check  at 
terminal  A2  of  the  relajr^ould  show  if  the  relay 
closed  properly.  When  the  relay  closed,  a  voltage  * 
,  would  be  found  between  A2  and  ground.  The 
.^mecharifc^mijfst  know' and  remernbcr^the  volt'age 
;  is  q^c  A  thK'.point.  Thp  next,  checkpoint  vyould 
usually,  b^  ^le  lamp  terminals  to  ground,  Source 
voltage  shpuld. be. present  at  the,  input  terminal 
and  there  ^should  be  no-.voltage  at. the  ground 
;  terminal.  If  these  readings  are  fcfynd  but  the  light 
'  does'  not  'burn,  the  bulb  is  burned  Quf.  If  voltage 
is  found  on  the  ground  side,  the  ground  lead  is 
loose  or  broken.vTf  zero  voltage  is  found  oo  the 
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input  terminal,  an  open  in  the  lead  going  back 
to^^the  relay  is  indicated. 

^   19-8.  When  testing  the  same  circuit  with  an 
ohmmeter,  you  should  first  open  the  circuit 
breaker  of  the  contrcfl  circuit,  and  the^opcn  the 
circuit  breaker  that  carries  power  to  the  taxi  relay 
contacts.  A  check  with  the  ohmmeter  from  the 
leritiinal  of  the  switch^  marked  "taxi"  on  the 
schematic  drawing  to>%ound  should  show  the 
resistance  of  the  relay  coil.  A  check  from  Al  of 
the  relay  to  the  circuit  terminal  of  the  circuit^ 
breaker"  should  show  ziero  resistance.  A  check 
from  A2  of  the  relay  to  ground  would  show  con- 
tinuity with  the  low  cold  resistance  of  the  taxi 
bulb.  If  no  continuity  is  found,  check  on  the 
input  side  of  the  bulb.  At  this  point,  continuity 
indicates  .an  open  lead  bapk  to  the  switch.  If  the 
meter  needle  does  not  deflect,  check  the  ground 
side  of  the  bulb  to  ground.  A  zero  reading  at  that 
point  shows  an  open  bulb;  no  needle  movement 
or  a  l^igh  reading  indicates  a  broken  or  loose 
ground  cdhnectiofl.  After  the  trouble  is  found 
and  corrected,  the  circuit  is  restored  to  an  oper- 
ating condition  (circuit  breaker  closed)  and  the 
circuit  tested  for  operation.  ^ 

19-  9.  The'' time  needed  to  an^yzc,  trouble- 
shoot,  and  repair  the  lighting  circuitry  will  de- 
pend on  many  things.  The  skill  and  experience 
of  the  crew  that  you  have  available  will  make  a 
difference  in  the  time  involved.  The  type  of  air- 
craft and  the  circuits  which  are  malfunctioning 
also  will  influence  the  time  required  for  mainte- 
nance. It  takes  longer  to  replace  a  component 
such  as  a  flasher  unit  that  won't  Operate  than  it 
docs  to  jeplace  a  light  bull^  or -a  fauky  circuit 
breaker.  '  ^ 

•20.  Window  Anti-Icing  Circuit 

20-  1.  One  way  of  accomplishing  window  anti- 
icing  and  window  defogging  is  by  using  electri- 
cally heate(J  windows.  The  type  of  windows  uscd^ 
for  this  purpose  are  known  as  Nesa  glass  win- 
dows. 

20-2.  Aircraft  are  equipped  with  Nesa  win- 
dows in  designated  areas  to  provide  a  means 
for  deicing  and  window  defogging.*  The  -Nesa 
windows  installed  on  one  aircraft  arc  basically 
the  same  as  any  other  Nesa  window  you  may 
have  worked  on.  In  the  event  you  have  had  n9 
experience  with  this  type  of  window,  it  is  a  shat- 
terproof window  constructed  somewhat  like  a 
"sandwich,"  having  an  inner  glass  pane,  a  la^  of 
vinyl  dfastic,  the  Nesa  compound,  and  the  outer 
pane.  tv<q,  bus  bars  are  bond.ed  to  the  Nes^  film 
on  opposite  edges  of  the  outer  pane.  These  are 
joined  to  two  external  connectors  which  come 
from  the  ac  power  supply.  To  control  the  heat 
applied  to  the  window,  a  temperature-sensing 


element  is  imbedded  in  the  vinyl  layer  of  the 
"sandwich"  and  connected  to  a  temperature  con- 
trol unit  through  the  proper  leads.  The  window 
is  assembled  by  inserting  the  glass_^*sandwich" 
mto  a  molded  phenolic  frame,  which  is  fastened 
to  the  aircraft  structure  with  screws  and  clips. 

20-3.  Nesa  Windows.  There  are  basically  two 
types  of  Nesa  windows.  One  is  used  for  both 
anti-icing  and  defogging,  and  the  other  is  used 
only  for  defflgging.  Both  windows  are  of  the 
sandwich  type. 

20-4.  The  windows  that  provide  both  anti- 
icing  and  defogging  have  the  conductive  coating 
between  the  outer  pane  and  the  vinyl  plastic.  The 
defogging  windows  have  the  conductive  coating 
between  the  inner  pane  and  the  vinyl  plastic. 

20-5.  Ten^icniture  CantroL  The  sensing  ele- 
ments embedded  in  the  vinyl  plastic  layer  of  the 
anti-icing  and  defogging  windows  provide  the 
necessary  temperature  regulating. 

20-6.  This  is  accomplished  by  the  resistance 
variations  of  the  sensing  elements  as  a  result 
of  window  temperature  change.  This  resistance 
change  is  transmitted  to  the  controller  amplifier 
and  controller  bridge  rack  (fig.  49).  The  ^bridge 
circuit  between  the  amplifier  and  sensing  unit 
controls  the  heat  of  the  window  by  controlling 
the  electrical  power  to  the  window.  The  window 
heat  will  be  applied  when  the  sensing  element 
resistance  is  between  330  and  342  ohms.  A 
voltage  of  6.3  volts  is  supplied  to  the  sensing 
element  by  a  transformer  contained  in  the  con- 
troller amplifier  (fig.  49)  to  establish  the  auto- 
matic temperature  control  point.  Manual  adjust- 
ments for  the  regulation  of  temperature  between 
32.3^  C,  (90"  F.)  and  54.5'^  C,  (130"  ?.)  are 
located  on  the  exterior  of  the  controller  bridge. 
There  are  two  adjustments  that  may  be  made  on 
the  controller  amplifier.  These  adjustments  are, 
accomplished  through  the  temperature  adjust- 
ment potentiometer,  which  is  used  to  adjust  the 
control  point  of  the  temperature  desired;  and 
^t&e   DIFFERENTIAL    adjustment  potentiometer, 
which  is  used  to  adjust  the  width  of  the  tempera- 
ture range  and  to  provide  positive  closure  of  the 
relay  Contacts  of  tlje  amplifier  (fig.  49).  This 
is  the  only  maintenance  that  .you  can  perform 
on  the  amplifier  while  it  is  installed  on  the  air- 
craft, so  if  these  two  adjustments,  do  not  correct 
the  trouble,  replace  the  unit. 

20-7.  In  some  cases  the  Nesa  window's  elec- 
trical resistance  will  increase  w^th  age  It  is  pos- 
sible to  have  an  overheat  condition  occur  in  a 
Nr.  2  window  if  a  resistance  increase  should  take 
place  in*  the  mating  Nr.  1  window.  Therefore,  the 
resistance  of  the  windows  should  be  checked  at 
6  month  intervals-^  The  procedure  for  this  check 
will  be  explained  at  the  end  of  this  section. 
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Figure  49.  Window  anti-icing  circuit. 
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20-8.  The  tempdrature  control  circuit  for  the 
defog  windows  is  somewhat  different  from  that 
previously  discussed  for  the  anti-icing  windows. 
The  temperature  for  these  windows  is  controlled 
,by  individual  thermal  snap  switches. 

20-9.  The  thermal  switch  face  is  held  in  con- 
tact with  tjie  inner  pane  by  means  of  a  torsion 
spring  on  the  switch  bracket.  A  marked  arrow  is 
provided  on  the  window  edge  to  enable  the  ^her- 
hial  switeh  to  be  placed  in  the /proper  position. 
'The  switch  is  an  SPST  switch  rated  at  115  vac 
at  380  to  1000  cycles.  The  contacts  are  normally 
closed  and  have  a  control  point  of  approximately 
100**  F. 

20-10.  The  thermal  snap  switches  for  the  de- 
fog  windows  are  connected  to  a  115  vac  source 
and  provide  a  window  heating  voltage  of  approxi- 
mately 7  vac  to  the  Nr.  4  windows  (fig.  49) 
and  45  vac  to  the  Nr.  5  windows.  The  Nr.  3 
windows  are  in  parallel  with  the  4  and  5  com- 
binations, as  shown  in  figure  49. 

20-1 1.  Operation.  The  electrical  system  uses  28 
vdc  and  115  vac.  The  28  vdc  circuit  (see  fig. 
49)  merely  supplies  power  to  close  an  ac  power 
relay.  You  will  note  in  figure  49  that  the  ac 
relay,  when  closed,  completes  a  circuit  to  the 
autotransformer;  the  115  vac  to  this  transformer 
is  stepped  up  to  approximately  250  vac  in  the 
LOW  selection  of  power.  This  increased  voltage 
applied  directly  to  the  Nesa  window  causes  it 
to  heat.  In  the  high  switch  position,  the  volt- 
age from  the  transformer  is  approximately  40p 
voUs.  The  window  tegipcrature  range  itself  is  not 
affected  by  either  type  of  voltage  applied;  the 
higher  voltage  merely  allows  the  window  to  reach 
the  proper  temperature  sooner. 

20-12.  Perhaps,  at  this  point,  we  should  cau- 
tion you  about  selecting  the  voltage  that  you  ap* 
ply  to^the  window.  You  should  always  place  the 
contrt)l  switch,  which  is  a  gang  type  switch,  in 
the  LOW  position  and  allow  a  15-minute  warmup 
period  before  moving  it  to  the  HidH  position. 
You.  can  easily  see  that  initially  selecting  the 
iuCh  position  without  allowing  the  15-minute 


warmup  period  might  bring  on  real  trouble.  A 
rapid  application  of  heat  to  a  cold  window  sur- 
face might  easily'break  the  glass.  After  the  warm- 
up  period,  you  can  move  the  switch  to  the  high 
position.  The  high  switch  position  is  needed  only 
during  extreme  icing  conditions.  You  will  find 
that  for  purposes  of  normal  qperation  the  switch 
can  stay  in  the  Low  position. 

20-13.  If  you  look  at  figure  49  for  a  moment, 
you  will  notice  that  the  anti-icing  windows  con* 
tain  sensing  elements.  The  resistance  of  this  ele- 
ment is  the  fourth  leg  of  a  Wheatstone  bridge. 
When  the  element  is  cold,  its  resistance  is  such 
that  the  bridge  circuit  becomes  unbalanced.  When 
this  happens,  a  signal  appears  at  the  amplifier, 
where  it  is  amplified  and  sent  on  to  energize 
the  amplifier  control  relay.  You  will  notice  by 
tracing^  through  the  circuit  that  when  the  amplifier 
control  relay  closes,  the  dc  circuit  is  completed 
to  the  ac  power  relay,  which  allows  ac  power  to 
be  applied  to  the  window.  When  power  is  applied 
to  the  window,  the  temperature-sensing  element 
embedded  in  the  window  begins  to  absorb  heat 
from  the  warming  Nesa  compound  and  starts  to 
change  its  resistance.  When  the  temperature  of 
*thc  glass  surface  reaches  the  desired  setting,  the 
resistance  of  the  sensing  element  is  such  that  the 
bridge  circuit  is  balanced.  This  cancels  the  signal 
to  the  amplifier  and  -shuts  off  the  heat.  When  the 
window  cools  to  a  point  at  which  the  bridge 
circuit  again  becomes  unbalanced,  the  cycle  is 
repeated.  Perhaps  you  are  wondering  what  the 
temperature  of  the  Nesa  glass  is  under  operating 
conditions.  .Vsually  the  sensing  element  unbal- 
ances the,, bridge  circuit  when  the  temperature 
drops  bdfow  100**  F.  (43.4*'  C). 
\.  20-14.  Operational  Check*  For  a  satisfactory 
operational  check,  the  ambient  temperature 
.  should  not  be  above  75°  F.  All  the  window  leads 
shoi/ld  be  connected  to  the  proper  transformer 
terminals  (see  table p).  When  the  sensing  leads 
from  the  pilot's  window  Nr.  1  and  the  power 
leads  from^pilot's  Nr.  1  and  copilot's  Nr.  2  win- 
dows are  disconnected,  a  0-  to  500-vac  voh- 


Table  3 

Pilot's  and  CoriLor's  Window  Voltages 


Window 

Terminal 

Marking 

■  -] 

Transformer 
Terminal 
Marking 

Resistance 
in 
Ohms 

Volt  (Approx) 
.    Window  Heat 
Control  Switch 
Normal 

Volt  (Approx) 
Window  Heat 
Control  Sy/itch 
High 

Pilot  or  Copilot 
Window  Nr  1 

HI 

H2. 

H3 

HI 
H2 
H3 

43.8-48 
^  39.6-43.8- 
35.4-39.6^ 

220 
.  216 
200 

307 
293 
^?78 

Pilot  or  Copilot 
Window  Nr  2 

H4 
H5 
H6 

H4 

H5 
H6 

66.6-72.9 
60.2-66.6 
53.9-60.2 

183 
175 
166 

254  ^ 

243 

232 
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meter  is  placed  across  the  power  leads  of  win- 
dow Nr.  1  and  a  similar  voltmeter  is  placed 
across  the  power  leads  of  window  Nr.  2.  A  0- 
to  400-ohm  resistan(;e  box  set  at  342  ohms  is 
placed  across  the  scnsiqe  Icadi^^With  external 
power  conneacd  and  the-^^pdow  heat  control 
switch  moved  to  the^fltMAL  position,  the 
voltmeter  should  rcad^^R.  When  the  variable 
resistance  on  the  box  is  reduced  to  330  ohms, 
the  voltmeter  should  read  in  accordance  with  the 
chart  in  table  3.  Resistance  of  both  windows  is 
measured  with  power  off.  If  the  resistances  are 
within  the  ranges  corresponding  to  the  values 
shown  in  table  3»  the  viindows  are  satisfactory.  ^ 
A  resistance  check  of  the  sensing  element  should 
be  made  if  no  voltage  appears  or  if  the  con- 
troller does  not  operate  to  reduce  the  vpltage 
to  zero  within  2  minutes  with'  an  ambient  tem- 
perature of  70  F.  or  greater.  If  the  controller 
works  satisfactorily  and  the  window  heat  control 
switch  is  placed  in  the  high  position,  the  volt- 
age should  read  in  accordance  with  column  S  of 
table  3  when  the  controller  power  cycle  is  on. 
It  is  important  that  the  windows  are  not  damaged 
due  to  overheat  The  thermal  switch  should  op- 
erate to  reqove  power  from  the  window  in  ap- 
proximately 10  minutes,  if  the  temperature  is 
70^  F.  The  applicable  TO  will  give  specifications 
of  an  operational  check  for  a  particular  window. 

20-15.  TronUeshoodiig.  When  troubleshooting 
the  window  anti-icing  circuits,  you  should  be 
extra  cautious.  There  are  some  very  high  voltages 
in  this  system  that  could  be  dangerous  to  both 
personnel  and  equipment. 

20-16.  Referring  to  figure  49,  if  Nrs.  ,4  and  5 
pilot's  windows  are  inoperative  and  Nr.  3  window 
is  operating  satisfactorily,  the  probable  cause  is 
a  defective  thermal  switch  or  wire.  A  test  of  the 
thermal  switch  on  Nr.  4  window  should  indicate 


continuity.  If  there  is  no  continuity,  the  thermal 
switch  is  defective  and  should  be  replaced.  There 
should  be  continuity  reading  of  the  wiring  from 
Nr.  4  switch  through  Nr.  5  switch.  If  there  is  no 
continuity,  an  open  circuit  exists,  and  all  de- 
fective wiring  should  be  repaired  or  replaced. 
Now  let  us  suppose  .that  the  copilot's  set  of  win- 
dows fails  to  heat  with  the  control  switch  in  any 
position.  There  are  several  things  that  could  cause 
this  trouble:  the  circuit  breaker,  the  sensing  ele- 
meQ(t,  the  temperature  controller,  the  autotrans- 
former,  or  the  control  switch.  The  circuit  break- 
ers should  be  closed  (pushed  in)  and  serviceable. 
After  disconnecting  the  leads  to  the  sensmjLxIcr 
ment  at  the  window,  a  reading  of  qonfftSuity  of 
the  element  should  be  present.  K^lrere  is  no 
continuity,  the  element  is  defective  and  should 
be  replaced.  Substituting  a  new  controller  ampli- 
fier and/or  controller  bridge  rack  '.will  deter- 
mine whether  or  not  the  original  controller  is  de- 
fective. Disconnecting  either  Xi  or  Xo  lead  from 
the  autDtransformer  ^nd  applying  115-vac,  400- 
cycle  power  directly  to  the  unit  will  determine 
the  status  of  the  autotransformer.  High  voltage 
will  be  present,  and  extreme  caution  must  be  ob- 
served. Refer  again  in  the  text  to  table  3,  "Pilot's 
and  copilot's  window  voltages."  This  load  voltage 
from  HI  through  H6  should  agree  with  those 
given  in  table  3;  if  npt,  replace  the  defective  auto- 
transformer. The  control  switch  should  read  con? 
tinuity  across  the  switch  terminsils  of  its  respective  ^ 
NORMAL  or  HIGH  position.  If  there  is  no  continuity 
on  either  check,  the  switch  should  be  replaced. 
There  should  be  continuity  of  wiring  between 
each  component.  If  the  resistance  is  infinite,  then 
repair  or  replace  all  defective  wiring.  This  con-- 
eludes  our  discussion  of  troubleshooting  the  mis- 
cellaneous control  circuits. 
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WORKBOOK 

Aircraft  Electrical  Repairman 


This  workbook  places  the  materials  you  need  where  you  need  them  while  you 
^re  studying.  In  it,  you  will  find  the  Study  Reference  Guide,  the  Chapter  Review 
Exercises  and  their  answers,  and  the  Volqme  Rtview  Exercise.  You  can  easUy 
compare  textual  references  with  chapter  exercise  items  without  flipping  pages 
back  and  forth  in  your  text.  You  will  not  misplace  any^  one  of  these  esscnUaJ 
study  materials.  You  will  have  a  single  reference  pamphlet  in  the  proper  sequence 
for  learning. 

These  devices  in  ymr  workbook  are  autoinstructional  aids.  They  take  the 
place  of  the  teacher  who  would  be  directing  your  progress  if  you  were  in  a 
classroom.  The  workbook  puts  these  self-teachers  into  one  booklet.  If  you  will 
follow  the  study  plan  given  in  "Your  Key  to  Career  Development,"  which  is 
'in  your  cfturse  packet,  you  will  be  leading  yourself  by  easily  learned  steps  to 
mastery  of  ,  your  text. 

If  you  have  any  questions  which  you  cannot  answer  by  referring  to  Your 
Key  to  Career  Development''  or  your  course  material,  use  ECI  Form  17,  "Student 
Request  for  Assistance,"  identify  yourself  and  your  inquiry  fully  and  send  it  to 
ECI.  '  ' 

Keep,  the  rest  of  this  workbook  in  your  files.  Do  not  return  any  other  part 

of  it  to  ECI. 
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STUDY  REFERENCE  GUIDE 


1 .  Use  thi^  Guide  as  a  Study  Aid.  It  emphasizes  all  important  study  areas  of  this  volume. 

2.  Use  the  Guide  as  you  complete  the  Volume  Review  Exercise  and  for  Review  after  Feedback 
on  the  Results.  After  each  item  number  on  your  VRE  is  a  three  digit  number  in  parenthesis. 
That  number  corresponds  to  the  Guide  Number  in  this  Study  Reference  Guide  which  shows  you 
where  the  answer  to  that,  VRE  item  can  be  found  in  the  text.  When  answering  the  items  in  your 
VRE,  refer  to  the  areas  in  the  text  indicated  by  these  Guide  Numbers.  The  VRE  results  will  be 
sent  to  you  on  a  postcard  which  will  list  the  actual  VRE  items  you  missed.  Go  to  your  VRE 
booklet  and  locate  the  Guide  Number  for  each  item  missed.  List  these  Guide  Numbers.  Then  go 
back  to  your  textbook  and  carefully  review  the  areas  covered  by  these  Guide  Numbers.  'Review 
the  entire  VRE  again  before,  you  take  the  closed-book  Course  Examinatten. 

3.  Use  the  Guide  for  Follow-up  after  you  complete  the  Course  Examination.  The  CE  results  will 
be  sent  to  you  on  a  postcard,  which  will  indicate  "Satisfactory"  or  "Unsatisfactory"  completion. 
The  card  will  list  Guide  Numbers  relating  to  the  questions  missed.  Locate  these  numben  in  the 
Guide  and  draw  a  line  under  the  Gujde  Number,  topic,  and  reference.  Review  these  areas  to 
insure  >^ur  mastery  of  the  course.  , 
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Number     Guide  Numben  300  ^ipP  322 

300  Introduction  to  Landing  Gear  and  Associ- 
ated Systems; Heavy  Aircraft  Landing  Gear 
System:  General;  Landing  Gear  Lever 
Lock  Circuit;  Landing  Gear  Position  and 
Warning  System,  pages  1  -4 

301  Heavy  Aircraft  Landing  Gear  System:  Anti- 
skid Control  Circuit,  pages  4-9 

302  Fighter  Aircraft  Landing  Gear,  System, 
pages  9-14 
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304  Stabilizer  Trim  Control  Circuit;  Aileron 
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Overheat  Warning:  Thermal  Switch  Circuit,  • 
pages  21-24 

306  Fire  and  Overheat  Warning:  Thermocouple 
Fire  Warning  Circuit; Photoelectric  Circuit, 
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CHAPTER  REVIEW  EXERCISES 

The  following  exercises  are  study  aids.  Write  your  answers  in  penal  in  the  space  provided  after  each 
exercise.  Immediately  after  completing  each  set  of  exercises,  check  your  responses  against  the  answers  for  that 
set  Do  not  submit  your  answers  to  ECJ  for  grading. 

Chapter  1 

^  Objective,  To  be  able  to  recognize  important  cH^ctenstics  of  landing  gear  systems,  including  the  landing  gear 
control  panel  and  the  landing  gear  position  and  warning  system,  and  of  the  antiskid  system,  including  the  skid 
detector  and  the  antiskid  control  valve.  * 

1 .    What  is  the  purpose  of  the  landing  gear  lever  lock  circuit?  (14) 


2.    When  does  the  red  warning  light  in  the  gear  control  lever  illuminate?  (1-9) 


3.    If  a  gear  is  up  and  locked,  but  the  indicator  shows  an  intermediate  position,  what  is  the  most,probablc 
cause  of  trouble?  (1 ,  Pars.  10  and  15)  (MOJ 


4.    While  a  gear  is  extending  or  retracting,  what  is  the  indication  on  the  position  indicator  fo^that  gear''  (MO) 


5.    How  is  the  ground  circuit  for  gear  position  indicators  completed?  (1 -14) 


6.    What  is  the  purpose  of  the  main  gear^  load  switches?  (2-10) 


7,    When  is  the  control  coil  of  the  fairing  door  safety  relay  energized?  (2-10;Table  I) 


8.    What  is  the  purpose  of  the  holding  coil  of  the  fairing  door  safety  relay?  (2-10;  Table  I ) 


9.    When  are  the  gear  sequence  switches  actuated  to  the  CLOSED  position?  (Sec.  2,  Pars.  10  and  1 1)  (2-10,  1 1) 


10.    Why  IS  it  necessary  to  have  a  Sequencing  circuit  in  a  landing  gear  system?  (2-24) 


•  Chapter  2 

Objective.  To  show  knowledge  of  electrical  circuits  associated  with  flight  control  systems,  including  circuitry 
involved  in  wing  flap  systems  and  in  stabilizer  and  aileron  trim  control  systems. 

1 ,    How  does  the  wing  flap  motor  change  its  direction  of  rotation  in  the  wing  inboard  and  outboard  flap 
system?  (3-4) 


2.    Why  is  it  necessary  to  have  an  internal  brake  in  the  flap  motor?  (3-5) 


3.    When  will  the  wing  flap  warning  circuit  cause  the  warning  horn  to  sound?  (3-7) 


3 
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4.    What  prevents  further  operation  of  the  leading-edge  flaps  once  the  flap  lock  actuator  is  in  the  LOCXED 
position?  (3-11, 12) 


5.    What  is  the  purpose  of  the  leading-edge  flapH-BOX?  (3-12, 15) 


6.    How  are  the  leading-edge  FLAP  POWER  DOWN  and  UP  RELAYS  energized  and  deenergized?  (3-15, 17) 

r 

1.    In  cleaning  an  actuator,  what  is  used  to  wash  all  nonelectrical  parts?  (3-21) 


8.    What  is  the  purpose  of  the  stabilizer  trim  heater?  (4-9) 


9.    In  the  aileron  trim  control  circuit,  what  prevents  the  aileron  takeoff  trim  indicator  lights  from  operating 
when  the  aircraft  is  airborne?  (5-8,  9) 


10.    During  an  operational  checkout  of  the  aileron  trim  system,  what  twolystems  must  be  powered?  (5-10) 


Chapter  3  ^ 

ObjcctivciJo  demonstrate  knowledge  of  the  systems  used  to  warn  of  fire  and  overheat  conditions,  including  the 
•  thermi^tch,  thermocouple,  photoelectric,  and  continuous  cable  systems,  and  of  the  master  warning  and 
caimon  circuit. 


1. 


Name  the  four  different  types  of  fire  detection  systems  currently  in  use  on  AF-^ipment.  (6-1) 


2.    How  does  a  thermal  switch  operate?  (6-5) 


3.    Into  wh»  three  circuits  is  the  thermocouple  fire  warning  detection  system  divided?  (6-16) 


4.  How  does  the  thermocouple  operate  in  a  warning  system?  (6-1 8) 

•  i 

5.  Why  is  it  important  that  a  polarity  check  of  a  thermocouple  fire  detg^ctor  system  be  madc'^  (6-21 ) 


6.    At  what  frequency  range  will  the  photoelectric  circuit  become  activated  to  cause  the  warning  lights  in  a 
photoelectric  fire  warning  system  to  illuminate?  (6-22) 


1 

7.    How  does  the  sensing  loop  in  a  continuous  cable  fire  warning  system  operate?  (6-29) 
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8.    What  is  the  purpose  of  the  master  warning  and  caution  system?  (7-1)  •  '  .  ^ 


9.    In  the  master  warning  and  caution  system,  what  is  the  purpose  of  the  ground  protection  relay''  (7-17) 


10.    What  are  the  two  conditions  in  tK^  master  warning  and  caution  system  under  which  the  master  warning 
lampwUl  go  out?  (7-14,  19) 


1 1 .    What  is  the  purpose  of  the  takeoff  warning  circuit?  (7-23) 


12.  What  is  the  purpose  of  an  annunciator  panel?  (7-24) 

I 

1 3.  What  causes  the  photocell  unit  to  activate  in  a  smoke  detector  warning  circuit?  (7-24) 


14.    In  the  emergency  alarm  bell  and  warning  horn  circuit,  what  is  the  purpose  of  the  capacitor  in  parallel  with 
the  master  alarm  bell?  (7-26) 


-  ) 
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IS.    In  the  door  warning  circuits,  how  is  each  indicator  circuit  contpleted?  (7-27) 


16.    In  the  door  warning  circuits,  what  two  things  most  occur  for  the  warning  light  not  to  Ulummate?  (7-27) 


17.    In  the  bailout  warning  system,  what  are  the  different  warnings  available  to  each  crewmember  before  he 
ejects?  (8-1) 


\ 

1 8.    In  the  bailout  warning  system,  what  is  the  indication  for  the  pilot  when  all  the  crewmembers  have  ejected? 
(8-1) 


1 9.    What  determmes  the  troubleshooting  procedure  for  the  master  warmng  and  caution  system'  (9-2) 


Chapter  4 

Objective:  To  understand  main  fuel  system  components  and  the  air  refuelmg  and  fuel  scavenge  circuits. 
1.    In  the  fuel  system,  what  information  is  found  on  the  boost  pump?  (10-5) 


2.    Of  the  three  types  of  fuel  valves  discussed  ih  the  f;iel  system,  which  type  is  generally  found  as  a  fire  ihutoff 
valve?  (10-7) 


\ 
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3.    What  is  the  purpose  of  a  fuel  level  control  valve?  (10-13) 


4.    In  the  air  refueling  control  system,  what  is  the  function  of  the  induction  coil^the  air  refueling 
receptacle?  (11-4) 


tion  coil  al  t 


5.    What  IS  the  purpose  of  a  fuel  scavenge  system?  (12-1) 

4 


Chapter  5 

Objective.  To  demonstrate  knowledge  of  the  engine  starter  and  ignition  systems  and  the  control  circuits 
oil  cooler  flap  actuater,  cowl  flaps,  and  water  injection  systems. 

1 .    What  IS  the  relationship  between  torque  and  current  in  a  series  starter  motor?  ( 1 3-5) 


2.    What  IS  the  effect  of  reducing  the  field  flux  of  a  series  dc  motor"^  (13-8) 


3.    When  does  the  pressure  switch  in  the  compressor  circuit  of  the  fuel-air  starter  operate?  (13-20) 


.4.    What  two  sources  can  be  ilscd  to  operate  a  conventional  pneumatic  starter?  (1 3-26) 


.1  i  ...  ^ 

5t    What' IS  the  effect  of  an  open  centrifugal  switch  iit  the  pneumatic  starter  discussed/n  tht  texf  (13-3!) 


6.    What  protective  device  guards  the  cartridge  pneumatic  starter  against  overpressure  conditions?  (  M-37) 


7.    Is  It  possible  to  ignite  the  pressure-relief  squib  on  the  cartridge  starter  during  a  low-pressure  start?  (13-42)  \ 


8    Why  IS  It  necessary  to  use  more  than  one  torquemeter  on  the  Prony  brake?  (1 3-56) 


9     What  IS  the  effect.of  grounding  the  p  lead(*primary  lead)  of  a  magneto?  (14-5) 


10.    What  IS  the  primary  (Kfference  between  an  aircraft  ignition  switch  and  a  conventional  ignition  switch? 
(14-11) 


J 1 .    What  IS  the  difference  between  a  regulated  and  a  nonregulated  TEN  sysferiv?  ()l5-6,  7) 


4) 
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12.    Wha'^is  th^  output  voltage  of  the  nonregulated  system  dynamotor?  (.1 5-10). 


13.    What  is^meant^by  "generator  action"?  (15-14) 


14.    Why  arc  capacitors  C6  andC7  used  in  both  the  regulated  and  nonregulated  TEN  ignitwn  systems?  (1 5-1 1 , 
15)  •  /     *    ^      ^  ' 


/ 

/ 


15.    What  is  a  major  difference  between  the  regulated  and  nonregulated  T^N  system*^  (1 5-,l  5) 


V 


16.  ^  Ui  the  TEN-l  system,  when  does  the  igniter  plug  cease  conducting?  (15-25) 


17.    How  is  the  sparking  xzXty^^^^^^A  system  increased?  (15-30) 


) 


18,    What  three  systems  arc  used  to  maintam  proper  cngine'tcmperaturc?  (16-1) 


4 
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19.  ,What  system  is  us«d  to  control  the  flow  of  air  around  the  cylinders?  (t6-2) 


■  '  J 

20.    What  prevents  the  actuator  motor  ftonj  coasting  when  the  switch  is  opened?  (16-3) 


21.    What  device  stops  the  actuator  if  ^le  control  switch  is  left  in  the  OPEN  Position?  (16-4) 


22.    What  must  happen  to  air  flow  if  engine  temperature  is  to  in5:rease?  (16-5) 


23.    Wha't  circuit  component  allows  ^he  pilot  to  stop  the  cowl  flaps  within  their  limits  of  travel?  (16-7) 


24.    What  causes  current  to  flow  in  the  micro  positioner  coil?  (16-8) 


.25.    What  component  could  be  add^d  to  this  system  to  make  it  automatic?  (16-9) 


26.    What  controls  the  linear  movement  of  the  oil  cooler  flap  actuator?  (16-1 1) 


4? 
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27.   >Wiat  releases  the  magnetic  brake  in  the  oil  cooler  flap  actuator?  (16-13) 


28.   What  compoitents  provide  radio  noise  free  operation  in  the  oil  cooler  flap  actuator?  (  I,6-1S) 


29.    What  is  injected  in  to  an  e;igine  to  prevent  detonation?  (16-17) 


30.    What  «uppUcs  ADI  systerji  pressure?  (16-18) 


31 .    Elfcctrical  power  for  ADI  circuits  comes  from  what^source?  (16-19) 


Chapter  6 

Objective.  To  apply  understanding  of  the  operation,  circuit  analysis,  and  t][Oubleshooting  procedures  of  aircraft 
lighting  systems  and  Nesa  window  system./ 

r  i 

1 .    Why  does  a  bomber  or  cargo  type  ^rcraffrequire  more  lighting  systems  than  a  fighter  aircraft?  (17-1) 


2.    How  are  instruments  illuminated  if  the  primary  instrument  lighting)ystcm  fails?  ( 1 7-2) 
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3.    If  the  secondary  winding  of  the  autotransformer  shown  in  figure  47  were  open,  which  lights  would  be 
affected?  (17-3;  Fig.  47) 


.   1  ? 
^,    Why  do  some  cockpit  instalment  floodlights  have  red  lenses?  (1 7-4) 


5.    Why  are  the  white  instrument  floo.dlights  connected  to  the  dc  bus  system?  (17-5) 


6.    ^ow  does  pushing  the  pushbutton  switch  on  the  utility  light  affect  its  brilliancy?  (17-6) 


f .  'what  type  of  lights  would  you  be  likely  to  find  on  cargo-type  aircraft  that  would  not  be  on  fighter-type 
airplanes?  (17-8) 


8.    What  special  use  is  sometimes  made  of  the  wheel  well  lights  on  large  aircraft?  (17-10) 


V 

9.    How  do  the  landing  and  taxi  lights  differ  in  overall  purpose  from  such  lighting  systems  as  the  formation 
lights  and  position  lights?  (18^1) 
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10.    What  feature  m  th^osegear  landing  light  circuit  in  most  aircraft  prevents  the  landing  light  from  being 
turned  on  accidentally?  (18-3) 


11.    In  order  to  have  an  effective  crosswind  landing  ligbf,  what  must  be  true  of  the  front  wheels?  ( 1 84) 


1 2.    How  are  the  wing  taxi  lights  of  some  tanker  planes  used  other  than  for  taxi  operations?  ( 1 8-8) 


1 3.    If  you  see  a  night-flying  aircraft  with  a  green  wing  light  to  your  right,  is  the  aircraft  going  away  or  coming 
toward  you?  ( 1 8-9)      »  * 


14.    Why  are  some  lighti  switched  from  a  bus  that  provides  28  volt  ac  to  a  bus  that  has  only  14  volt  ac  applied 
to  It?  (18-10)  , 


IS.    What  provision  is  made  for  opening  and  closing  the  flasher  contacts.  (18-12) 


16.    Why  are  ANTICOLLISION  LIGHTS  designed  to  flash  whenever  they  are  used?  (18-13) 


5G-1 
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17.    Why  IS  the  circuit  breaker  for  one  of  ;he  ANTICOLLISION  LIGHTS  of  larger  capacity  than  the  circuit 
breaker  for  the  other  ANTICOLLISION  LIGHT?  (18-14) 


18.    In  the  fuselage  light  system  discussed  ui  this  chapter,  what  happens  when  the  lights  are  switched  from 
LIGHT  to^DIM?  (18-16) 


19. ,  How  does  a  tanker-type  aircraft  produce  a  coded  signal  for  aucraft  attempting  a  rendezvous  for  air  refuel- 
ing? (18-18) 


20.    When  checking  a  circuit  with«an  ohmmeter,  why  must  the  section  being  checked  be  isolated  from  the  rest 
of  the  circuit?  (19-6) 


21     If  a  voltmeter  indicates  a  voltage  on  the  ground  side  of  a  component,  what  trouble  is  indicated^  (19-7) 

0 


22.    How  IS  a  Nesa  window  constructed  in  a  window  anti-ice  system?  (20-2) 


23.    In  the  Nesa  windqW  antiMce  circuit,  what  is  the  function  of  the  controller  amplifier?  (20-6) 


15 


24.    What  IS  the  purpo"ie  of  a  thermal  switch  in  the  Nesa  window,  anti-icing  circuit?  (20-14) 


56' 
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ANSWERS  FOR  CHAPTER  REVIEW  EXERCISES 
Chapter  i  ^ 


1 .  The  landing  gear  lever  lock  circuit  prevents  accidental  operation  of  ^le  landing  gear  on  the  ground,  in  ^ 
addition,  the  lock  circuit  prevents  retraction  of  the  gear  unlesi  {he  gear  trucks  are  level,  the  nose  gear  is 
centered,  and  the  weight  of  the  aircraft  is  off  the  gear.  (M^ 

2.  The  warning  hghi  in  the  gear  contjol  lever  is  illuminated  when  a  gear  position  does  not  agree  with  the 
position  of  the  control  lever  or  when  one  of  the  main  gear  doors  is  open.  (1-9) 

3.  The  most  probable  cause  of  trouble  when  a  position  indicator  shows  an  intermediate  position  when  the 
gear  IS  up  and  locked  is  a  faulty  indicator  orjio  power  applied  to  the  indicator.  (Sec.  l,Pars.  10  and  15) 
(MO) 

4.  When  a  gear  is  neither  in  the  up-and-locked  nor  down-and-locked  position,  the  indicator  shows  a  "barber 
pole"  condition.  (1-10) 

\>     The  ground  circuit  for  the  position  indicator  is  compWted  through  the  related  lock  switch.  (M4)  ^ 

b     The  main  gear  load  switches  are  used  to  prevent  retraction  of  the  gear  when  the  gear  struts  are  compressed 
by  the  weight  of  the  aif craft.  (2-10) 

7     The  control  coil  of  the  fairing  door  safety  relay  is  energized  when  all  gears  are  up  and  locked  and  all  doors 
are  closed  and  locked.  (2-10;  Table  1 ) 

8.  The  holding  coil  of  the  fairing" door  safety  relay  denergizes  the  control  coil  of  that  relay  after  all  the 
wheel  doors  are  closed  and  locked  .(2-10;  Table  1 )  ' 

9.  The  gear  sequence  switches  are  actuated  to  the  closed  position  when  the  related^whee^fairing  doors  are 
fully  open.  (2-10,  11) 

10,  '  The  sequencing  system  provides  for  proper  cycling  of  the  landing  gear.  Remember:  The  doors  rriust  open 
or  close  and  the  gea/  move  up  or  down  in  the  proper  sequence  to  prevent  damage  to  the  components, 
(2'24)  / 

Chapter  2 

1  The  wing  Hap  motor  changes  its  direction  of  rotation  by  reversing  the  phase  sequence  by  means  of  relays, 
'  (3-4)  •  »  ^ 

2  The  purpose  of  the  brake'is  to  hold  the  flaps  in  a  fixe.d  position  when  the  motor  is  not  operating,  (3-5) 

3  The  wmg  flap  warning  circuit  will  cause  the  warning  horn  to  sound  when  the  airplane  is  on  the  ground  and 
I  he  following  condition  exists:  the  flaps  are  not  fyliy  extended  and  either  the  number  3  and  number  5  or 
the  number  4  and  number  6  throttles  are  advanced  beyond  the  IDLE  position  to  a  point  that  closes  the 

( hrottles'  control  warning  switches.  (3-7)  ^ 

4  When  the  flap  lock  actuator  is  inthe  LOCKED  position,  the  l0<;k  control  switches  open,  thus  preventmg 
any  further  operation  of  the  leading-edge  flaps.  (3-1 1,12) 

5  The  purpose  of  the  leading'-edgeTlap  H-BOX  is  to  limit  the  flap  operation  by  the  limit  switches  and  to 
stop  the  flap  travel  by  means  of  the  magnetic  brakes.  (3-1 2.15) 

6  The  leading-edge  FLAP  POWER  RELAYS  are  energized  by  moving  the  flap  control  lever  to  the  UP. 
TAKEOFF,  or  LAND  position  and  deenergized  by  the  UP  LIMIT  SWITCH  or  DpwN  LIMIT  SWITCH  in 
theH'BOX.(3-15, 17) 
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7.  When  cleaning  an  actuator,  wash  all  nonelectrical  pijrts  in  an  approved  cleaning  solvent.  (3-21 )  .    '  ' 

8.  The  stabilizer  trim  heater  prevents  the  FOLLOW-UP  JACKSCREWS  from  icmg.  (4.9)  * 

'  9.    The  ground-air  safety  relay  prevents  the  aileron  takeoff  trim  indicator  lights  from  operating  when  the 
aircraft  is  airborne.  (5-8, 9)  >^ 

10.    During  an  operationaf  checkout  of  the  aileron  trim  system,  the  electrical  system  and  the  hydraulic  system 
must  be  powered.  (5' 10)  '  " 

Chapter  3  •  m  ' 

•  1.    The  four  different  types  of  fire  detection  systems  in  use  are  the  thermal  switch,  the  thermocouple,  the 

photoelectric  type,  and  the  continuous^cable.  (6-1)       >  '  ^  • 

2.  A  thermal  switch  operates  when  the  temperature  is  so  intense  that  it  causes  the  rnetal  to  expand 

sufficiently  to  allow  the  switch  contacts  to  close.  (6-5)  ^.^  j 

3.  The  three  parts  of  a  thermocouple  fire  .warning  circuit  are  the  detector,  tTie  alarm,  and  the  test  circuit. 

(^16)  ^  ^    .  / 

4.  When  the  temperature  rises  rapidly  enough  it  causes  the  Thermocouple  to  produce  voltage.  This'causes 
current  to  flow  in  the  circuit  that  energizes  the  sensitive  relay,  which  in  turn  closes>the  slave  relay  and 
completes  a  circuit  to'  the  warning  light.  (6'18) 

5.  The  polarity  check  is  important  becajrse  a  reversed  thermocouple  will  hot  only  fail  to  operate  the  system 
but  It  will  have  a  tendency  to  counteract  the  output  of  other  correctly  connected  thermo90uples.  (6-21) 

6.  The  frequency  range  that  will  caiise  the  photoelectric  circuit  to  become  activated  in  a  photoelectric  fire 
warning  system  is  between  7  and  60  cycles  per  second.  (6-22) 

•  ^  >  )  . 

7.  A  rise  in  ambient  temperature  causes  the  resistance  between  the  center  conductor,and  the  outer  conductor  y 

of  the  sensing  loop  to  decrease.  The  resistance  of  the  sensing  loop  is  part  of  a  bridge  circuit,  and  once  the 
bridge  circuit  becomes  unbalanced  due  to  a  change  m  resistance,  current  will  How,  causing  the  warning 
light  to  illuminate.  (6-29)  .  *  \ 

8.  The  pur^se  of  the  master  warning  and  cautioji  system  is  to  inform?  the  pilot  of  a  malfuncti^  m  the 
aircraft  by  means  of  a  warning  light.  (7-1) 

*         >  — 

9.  The  ground  protection  relay  in  the  master  warning  and  caution  system  opens  the  ground  circuits  for  the 
master  warning  and  caution  system  lunps  when  external  power  is  applied  tp  the  aircraft.  (7-17) 

10.  The  master  warning  lamp  will  go  out  when  the  lainp  assembly  is  pushed  and  wilt  remain  out  until  a 
different  individual  warning  lamp  signals  trouble  within  its  system,  also  the  lamp  will  go  out  automatically 
when  the  individual  fault  has  been  corrected.  (7-14, 19) 

11.  The  takeoff  warning  circuit  indicates  when  the  aircraft  is  ready  for  fiight  by  monitoring  relays,  such  as 

doors  open,  spoUefs  closed,  thrust-reverscr,  flap  position  takeoff,  and  horizontal  trim  relay.  (7-23)  ^ 

12.  An  annunicator  panel  identifies  an  individual  warning  circuit  by  its  respective  lamp's  illuminating  when  a  '   .  . 

fault  ocpurs.  (7-24)  i  . 

'•^ 

13.  The  photocell  unit  will  activate  in  a  smoke  detector  warning  circuit  when  enough  smoke  m  the  air  causes 
reflection  of  the  beam  of  light,  normally  in  parallel  with  the  face  of  the  photocell,'to  make  direct  contact 
on  the  photocell.  (7-24) 

14.  In  the  emergency  alarm  bell  and  warning  horn  circuit,  the  purpose  of  the  capacitor  m  parallel  with  the 
master  alarm  bell  is  to  prevent  arcing  at  the  bell  contacts*  (7-26)  ^'    ,  * 
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15.  In  the  door  warning  circuits,  each  indicator  will  illuminate  when  its  respective  limit  switch  completes  a 
ground.'(7-27) 

16.  For  the  door  warning  light  not  to  illuminate  (1)  door  must  be  closed  and  (2)  'door  must  be  latched.  (7-27) 

17.  In  the  bailout  warning  system,  the  different  warnings  available  to  each  crewmember  before  he  ejects  are 
the  flashing  amber  signal' light  for  alert  and  the  steady  red  signal  light  for  warning.  (8-1) 

18.  '  When  all  the  crewmembefs  have  ejected,  the  red  CREW  HAS  EJEtTED  signal  light  illuminates.  (8-1)  . 

19.  The  troubleshooting  procedure  for  the  master  warning  and  caution  system  is  based  upon  an  operational  \ 
checkout.  (9-2) 

'  Chapter  4 

r.    The  information  on  the  boost  pump  indicates  a  1 1 5/200-voh,  4e(^-cycle,  three-phase,  ac  mduction  motor, 
.  (10-5) 

2.  The  motor-driven  si i ding-gate -type  valve  is  generally  used  as  a  fire  shutoff  valve.  ( 1 0-7) 

3.  A  fuel  ievel  control  valve  admits  fuel  into  each  tank  and  automatically  shuts  off  the  fuel  flow  when  the 
tank  IS  full.  (10-13) 

4.  The  induction  cod  at  the  air  refueling  receptacle  in  an  air^refueling  control  system  transfers  a  disconnect 
signal  from  the  tanker  to  the  receiver  so  that  an  automatic  disconnect  will  take  place,  (1 1-4) 

5.  The  purpose  of  a  fuel  scavenge  system  is  to  remove  fuel  trapped  in  the  manifold  by  air-refueling  in  flight 
or  single-point  refueling  on  the  ground.  (t2-l)  ^ 

,  Chapter  5 

1.    Jn  a  series  dc' motor,  the  torque  produced  is  proportional  to  the  square  of  the  current  in  the  armature. 
(13-5)  ^ 

^  2.    When  the  field  flux  of  a  dc  scries  motor  is  decreased,  the  motor  speed  must  mcrease  m  order  to  produce 
the  c'emf  reqilired  to  prevent  the  motor  from  overspeed.  (13-8) 

3.  The  pressure  switch  in,the  compressor  circuit  of  the  fuel-air  starter  closes  when  the  pressure  in  the  air 
bottle  decreases  below  2800  ±  100  psi.  (13-20) 

4.  A  conventional  pneumatic  starter  may  be  operated  by  an  external  air  source  or  by  air  bled  from  aij 
operating  engine  on  the  aircraft.  (13-26) 

5.  If  a  centrifugal  switch  in  the  pneumatic  starter  is  open,  the  ground  for  the  starter  control  valve  is  broken 
'  and  the  starting  cycle  is  terminated.  (1 3-31) 

6.  The  safety  disc  of  the  cartridge  pneumatic  startet  ruptures  to  vent  cartridge  gas  into  the  exhaust  in  the 
^  event  the  breech  pressure  becomes  excessive.  ( 1 3-37) 

7.  No.  The  pressure-rehef  squib  cannot  be  ignited  during  a  low-pressure  start  because  the  selector  switch  is  in 
the  low-pressure  position.  (^342)  " 

8 .  Two  torquemelers  are  used  in  the  Prony  brake  to  check"both-nght-hand  and  left-hand  rotations.  (13  56) 
9     When  the  p  lead  of  a  magneto  is  grounded,  ignition  does  not  occur.  (14-5)   ^  . 

10.    An  aircraft  ignition  switch  completes  a  circuit  whei^it  is  in  the  OFF  position,  and  a  conventional  ignition 
switch  opens  a  circuit  when  it  is  in  the  OFF  position.  (14-11) 

1 1     A  regulated  TEN  system  provides  an  even  rate  of  sparking,  and  an  unregulated  TEN  system  fires  the 
^igniter  at  tn  uneven  frequency.  (15-6,  7) 
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12.  The  output  voltage  of  ihe  nonregulated  system  dynamotor  is  830  volts.  (15-10)  ^  ^ 

1 3.  "Ge^nerator  action"  means  that  the  generator  field  is  energized  by^its  owjj  output.  (15-14)  ^ 

14.  Capacitors  C6  and  C7  m  the  TEN  ignition  systems  provtte  protection  against  feedback  by  providing  a 

bypass  to  ground  for  radiofrequency  currents.  (1 5-1 1,%)  .  '  ^  ■ 

15.  The  regulated  TEN  system  incorporates  a  carbon-pile  voltage  regulator  that  tends  to  produce  a  constant 
dynamotor  output  voltage  regardless  of  variations  in  battery  voltage.  (15-15) 

16.  The  Igniter  plug  in  the  TEN-l'system  cease's  conduction  when  caij^acitors  CI  and  C2  discharge.  ( 1 5-25) 

17.  The  sparking  rate  of  the  TEN-1  system  is  increased  by  moving  the  start  switch  to  the  AIR-START  position.  ► 
This  lowers  ihe  time  required  to  charge  the  grid  capacitor  and  the  sparking  rate  is  increased  (15-30) 

18.  The  three  systems  are  the  cowl  flap  system,  oil  cooler  system  and  ADl  system.  (J6-l>  * 
1*9.    The  cowl  flap  system  controls  the  air  flow  through  the  system.  (16-2) 

20.  The  magnetic  brake  prevents  the  actuator  motor  from  coasting.  (16*3) 

21.  The  **open"  limit  switch  opens  the  circuit  if  the  control  switch  is  left  in  the  OPEN  position.  (16^) 

22.  Air  flow  must  be  reduced  if  engine  temperature  is  to  increase.  (16-5) 

23.  A  potentiometer  allows  the  pilot  full  control  of  cowl  flaps  within  their  limits  of  travel.  (16-7) 

24.  A  change  in  resistance  of  the  pot  in  the  cockpit  creates  a  difference  of  potential  across  the  micro-positioner 
coil  and  this  causes  currelht  to  flow  in  the  coil.  (16-8) 

25.  Installing  a  heat  sensor  to  work  in  conjunction  with  the  potentiomemeter  would  provide  automatic 
operation.  (16-9) 

26.  Two  adjustable  limit  switches  control  the  linear  movement.  (16-11)  ^ 

27.  Current  flow  through  the  **brake"  coil  will  release  the  brake.  ( 1-6-1 3) 

28.  Two  condensers  provide  radio  noise  free  operation.  (1 6-1 5) 

29.  A  water-alcohol  mixture  is  injected  into  the  engine  cylinders  to  prevent  detonation.  (16-17) 

30.  A  centrifugal  purftp  driven  by  a  25^olt  dc  motor.  ( 1 6-  L8) 

31.  Electrical  power  for  the  ADI  is  supplied  by  28-volt  dc  bus.  (16-19) " 

Chapter  6  » 

1.  The  amount  of  lighting  required  by  aircraft  is  partially  determined  by  the  number  of  crewmembers  and 
sue.  Since  fighters  are  smaller  and  have  fewer  crewmembers,  more  lighting  systems  are  needed  on  bomber 
and  cargo  aircraft.  (17*1) 

2.  If  the  primary  mstrument  lights  fail,  floodlights  illuminate  the  instruments.  (17-2)  ^ 

-   3.    If  the  secondary  winding  of  the  autotransformer  shown  in  figure  47  were  open,  the  integral  instrument  ^ 
lights  would  not  light.  (17-3;  Fig.  47) 

.4.    The  red  lenses  on  the  cockpit  instrument  floodlights  help  to  reduce  night  blindness.  (174) 

5.  The  white  floodlights  are  connected  to  the  dc  bus  system  because  they  are  the  emergency  lights  and  they 
can  be  used  when  ac  power  fails.  (17-5)  » 

6.  When  the  pushbutton  on  the  utility  light  is  pushed,  the  intensity  control  has  no  c((ect  on  the  light,  so  it 
burns  at  its  greatest  bnlliance.  (17-6)  ^ 
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7.  Cargo  aircraft  have  cabin  and  cargo  compartment  lights  in  addition  to  the  cockpit  lights  found  on  fighter- 
type  aircraft.  (17t8) 

8.  The  wheel  well  lights,  besides  being  used  for  illumination  of  the  wheel  well  in  flight,  provides  light  for 
single  point  refueling  when  the  aircraft  is  on  the  ground.  (17-10)  ^ 

9.  Landing  and  taxi  lights  are  designed  to  provide  iHumination  on  other  objects.  Position  and  formation 
lights  are  designed  to  attract  attention  or  to  be  seen.  (18-1) 

10.  To  prevent  the  nosegear  landing  lights  from  being  turned  on  accidentally,  the  landing  gear  mu^  be  down 
,  '    and  locked  before  the  light  will  come  on.  (18-3) 

11.  In  order  to  have  an  effective  crosswind  landing  light,  the  front  wheels  must  be  steerable.  (18-4) 

12.  The  wing-mounted  taxi  lights  on  some  tanker  aircraft  are  used  to  provide  light  during  refueling  operations. 
(18-8)  '  ^ 

13.  If  you  see  a  flying  aircraft  with  a  green  light  to  your  nght,  the  aircraft  is  going  away  from  you,  (18-9) 

14.  Lghts  are  switched  from  a  28-voIt  ac  bus  to  one  of  14-volt  ac  when  they  are  switched  from  BRIGHT  to 
DIM.  (18-10) 

15.  A  dc  motor  drives  a  rotary  cam  which  opens  and  closes  the  flasher  contacts.  (18-12) 

16.  The  ANTICOLLISION  LIGHTS  are  designed  to  flash  in  order  to  attract  attention  of  the  crew  of  any  near- 
by aircraft  andnhereby  help  to  prevent  a  collision.  (18-13) 

17.  One  of  the  ANTICOLLISION  LIGHTS  is  served  by  a  larger  cucuit  breaker  than  the  other  because  the 
circuit  breaker  also  provides  power  for  the  fuselage  lights.  (18-14)^ 

18.  The  fuselage  lights  discussed  in  this  chapter  are  dual  filament  bulbs.  The  higher  wattage  filament  is 
energized  for  bright  lights,  while,  the  lower  wattage  filament  is  energized  for  dim  lights.  (18-16) 

19.  Tanker-type  aircraft  produce  a  coded  signal  by  controlling  the  color  and  also  by  controlling  whether  a 
high  or  low  beam  is  shown  from  the  rendezvous  lights.  (18-1 8) 

20.  ^Tien  checking  a  circuit  with  an  ohmmeter,  incorrect  readings  may  result  if  the  section  of  the  circuit  being 
checked  is  not  isolated.  (19-6) 

21 .  When  a  voltage  is  found  on  the  ground  side  of  a  component,  an  open  ground  is  indicated.  (19-9) 

22.  In  a  window  anti-ice  system,  the  Nesa  window  is  constructed  of  an  inner  glass  pane,  a  layer  of  vinyl  plastic, 
the  Nesa  compound^rand  the  outer  pane.  (20-2) 

23.  The  function  of  the  controller  amphfier  in  the  Nesa  window  anti-ice  circuit  is  to  control  the  heat  of  a 
window  by  means  of  a  bridge  circuit  between  the  sensing  element  and  the  controller  amplifier.  (20-6) 

24.  The  purpose  of  a  th*ermal  switch  in  the  Nesa  window  anti-ice  circuit  is  to  remove  power  from  the  window 
m  approximately  10  minutes  if  the  temperature  is  70*^  F.  (20-14)  . 
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Multiple  Choice 
Chapter  1 

1.  (301 )  In  the  antiskid  control  system,  the  wheel  brakes  are 

<■ 

a.  released  syhen  the  V  relay  is  energized. 

b.  released  when  the  W  relay  is  energized. 
*c.  applied  when  the  W  relay  is  energized. 

d.  apphed  when  the  skid  detector  contacts  are  closed. 

2.  (301)  In  the  antiskid  control  system,  the  skid  contacts  in  the  skid  detector 

a.  open  the  ground  circuit  for  the  W  relays. 

b.  complete  the  ground  circuit  for  the  V  relays. 

c.  close  when  the  aircraft  wheel  speed  decelerates  relative  to  the  detector  flywheel  speed 

d.  open  when  the  aircraft  wheel  speed  decelerates  relative  to  the  (ietector  tlywheel  speed, 

3.  (302)  What  actuates  the  landing  gear  warning  horn?  ,  '  * 

a.  The  thrqttle  linkage.  c.  The  uplock  limit  switch. 

b.  The  landing  gear  handle.  d.  The  downlock  limit  switch.  « 

4.  (300)  In  the  heavy  aircraft  landing  gear  system  discussed  in  the  te^ct,  the  function  of  the  landing  gear  lock 
switches  IS  to 

a.  complete  the  ground  circuit  to  the  position  indicators pnly  when  the  gear  is  up  and  locked 

b.  break  the  ground  to  the  position  indicator  unless  the  gear  is  in  the  up-and  locked  or  down-and-locked 
position. 

complete  the  ground  circuit  to  the  position  indicators  only  when  the  gear  is  down  and  locked 
reak  the  ground  circuit  to  the  warning  light  when  any  gear  is  m  the  unlocked  position, 
y  *\ 
(302^ow  IS  the  nose  gear  extended  after  pulling  the  emergency  handle  on  a  fighter  landing  gear  system*^ 

a.  Hydr^tlically.  '  c.  Mechanically. 

b.  ElectriOfllly.  '         d.  Pneumatically. 

6.  (300)  In  the  ftcavy  aircraft  landing  gear  system,  what  switch  or  switches  must  close  before  the  spnng-lOaded 
solenoid  can  release  the  lock  on  the  landing  gear  control  lever? 

a.  The  nose  centering  switch.    ,  c.  The  main  gear  truck  leveling  switches. 

b.  The  main  gear  safety  switches^  d.  All  of  the  above. 

7.  (300)  On  a  heavy  aircraft  type  landing  gear  system,  the  main  gear  is  prevented  from  retracting  by  all  of  the 
following  except  the 

a.  gear  safety  switch.  c.  landing  gear  lock  switches. 

b.  truck  levehng  switch.  d.  nose  gear  center  switch. 
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Chapter  2 

8    (303)  During  grqjind  operation,  the  warning  horn  in  the  wing  flap  control  system  wilLoperate  when  the 

a.  flap  retract  linut  swuches  complete  a  circuit  to  ground. 

b.  tlap  extend  limit  switches  complete^a  cifcuit  to^r ground.  . 

c  flaps  are  not  fully' extended  and  the  number  3  and  number  .4  throttles  are  advanced  above  the  IDLE 
position.  ' 

d.  flaps  are  not  full>  extended  and  the  number  4  and  number  6  throttles  are  advaiiced  above  the  IDLE 
position.  ,  .    •  ' 

9.  (304)  In  the  stabilizer  trim  header  Qircuit;  the  overheat  switch  may  be  checked  by  ^  ^ 

a.  applying  dry  ice  to  the  thermostat.  c.  Shorting  out  the  heating  elements.'  ^ 

b.  placing  a  jumper  wire  across  the  thermostat.     d.  closing  the  stabilizer  trim  heater  .circuit  breaker. 

10.  1^04)  In  the  stabilizer*  trim  control  circuit,  the  direction  of  rotation  of  the  ' 

a.  actuator  motor  is  reversed  by  reversing  the  phase  sequence  of  the  applied  voltage. 

b.  actuator  motor  is  the  same,  regardless  of  which  relay  is  energized. 

c.  actuator  motor  depends  upon  which  clutch  in  the  clutch  pack  is  energized. 

d.  followup  screw  is  always  the  same,  regardless  of  which  re^ay  is  energized. 

11.  ( 303)  The  limit  switches  in  the  leading-edge  flap  H-BOX  energize  the 

a.  TAKEO.Fi*  CONTROL  RELAY.  c.  DOWN  LIMIT  SWITCH. 

b.  FLAP  LOCK  MOTOR.       .  d.  MAGNETIC  BRAKE. 

« 

12.  (304)  The  aileron  tnm  control  system  discussed  in  the  text  is  powered 

a.  electrically  only.  c.  electrically  and  hydraulically.  -  ' 

b.  pneunj^tically  only.  d.  electrically  and  pneumatically. 

13.  (304)  In  the  aileron  trim  control  circuit,  trim  power  cannot  be  applied  to  both  fields  of  the  trim  actuator 
motor  at  the  same  time  because  of  the 

a.  MAGNETIC  BRAKE.  C.  TRIM  SELECTOR  SWITCH. 

'  b.  MOTOR  LIMIT  SWITCH   '  d.  TAKEOFF  TRIM  RECTIFIERS. 

J-  "  * 

Chapter  3  '  ^  ' 

14     (306)  Iti  a  fire  warmng  circuit  containing  thermocouple  fire  detectors,  the  fire  warning  light  flashes  on 

when-  '  >  ,  • 

a.  there  IS  a" rapid  rise  m  temperature.  •  • 

b»  the  reference  jurKtion  temperature  rises.  * 
c  the  temperature  reaches'^redetermined  value. 

d  the  thermal  switch  completes  a  circuit  to  ground.  "  -  ^ 

15.    (308)  In  the  bailout  warning  system,  the  crewmembers  are  alerted  when  the  indicator  light  is  on 


a.  steady  red.  c.  steady  amber. 

b.  flashing  red.  d.  flashing  amber. 

16.    (305)  A  thermal  switch  will  close  when  exposed  to  a  certain  temperature  because  the 

a  two  different  metals  when  heated  produce  electricity. 

b.  outer  shell  has  a  high  coefficient  of  expansion. 

c .  internal  elements  have  high  coefficients  of  expansion. 

d.  switch  blade  that  holds  the  pair  of  contacts  will  expand. 
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17.  (306)  One  factor  that  detjtrmuies  the  numi?er  of  thennocouples_that  should  be  used  in  an  individual    ^  ^ 
.    detector  circuit  is  the  / 

a.  total  detector  circuit  Vesistance.  c .  size  of  the  thermocouple  relay  box. 

b.  number  of  slave  relays  being  use^.  d.  expected  thermal  test  unit  temperature. 

''^ — » 

18.  (308)  The  warning  lights  in  most  door  warning  circuits  are  activated  by 

a .  opening  a  switch.  c  •  grounding  a  circuit. 

•  b.  aepressing  a  switch.  ^     d.  applying  a  voltage. 

19.  (306)  The  amplifier  in  a  photoelectric  fire  warning  system  is  sensitive  to  signals 

a.  of  infrared  rays.  c.  from  solar  radiation. 

b.  of  all  frequencies.  d.  in  a  cert^n  frequency  range. 

20.  (308)  The  ma|j:er  warning  and  caution  system  lamp  assemblies'  voluge  on  aircraft  is 

a.  28  volts  dc.  c.  28  millivolts dc. 

b.  28  volts  ac.  d.  28  microvolts  ac. 

21.  (307)  In  the  continuous  cable  fire  warning  circuit  in  a  four^ngine  aircraft/the  sensing  element  loop         ^ ^ 
consists  of  two  ^     ^  \ 

a.  dissjinilar  wires  which  produce  a  voltage  when  heated.      \  »  ^ 

b.  wires  inside  a  metel  tube  capacitor  coupled  to  a  fire  warning  amplifier.  / 
c  wires  that  expand  when  heated  and  cause  the  electrical  contacts  to  close. 

d.  wires  separated  by  an  insulating  material  having  a  negative  coefficient  of  resistance. 

(308)  In  the  master  warning  and  caution  ^stem  discussed  in  the  text .  with  the  autorest  switches  closed.       •  ) 

a.  the  dimming  switch  is  used  to  energize  the  light  test  relay. 

b.  both  dimming  relays  will  energize  when  the  dimming  switch  is  held  in  the  BRIGHT  position. 

c.  dimming  relay  A  forms  the  holding  circuit  for  dimming  relay  B. 

d.  dimn^ng  relay  B  forms  thft  holding  circuit  for  dimmmg  relay  A.  " 

23.    (308)  The  operation^  of  the  smoke  detector  warning  circuit  in  the  cargo  compartment  of  an  aircraft 
depends  upon  the 
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.   a.  radiation  of  the  photocell 

b. '  temperature  around  the  photocell.  ^      •  / 

c.  light  being  reflected  to  the  photocell. 

d.  frequency  of  )ight  that  activates  the  photocell. 

24.  (306)  In  a  therftiocouple  fire  warning  circuit .  the  ' 

a.  total  current  should  not  exceed  0.004  milliamper^. 

b.  total  circuit  resistance  shSild  not  exceed  5  ohms. 

c  contacts  are  mounted  on  nickeNron  stmts  having  a  low  expansion  coefficient, 
d.  resistor  across  the  therminals  of  the  sensing  relay  prevents  arcing  at  the  slave  relay  terminals. 

25.  (308)  Thejirpose  of  the  ground  protection  relay  in  the  master  warning  and^caution  system  is  to  ^ 
a  alloJSation  of  the  lamp  assemblies  when  the  ailcraft  is  connected  to  an  external  power  source. 

^  b*  p«tVesting  of  the  lamp  assemblies  except  when  the  aircraft  is  furnishing  its  own  electrical  power, 
c!  Kplete  the  ground  circuit  for  the  lamp  assemblies  when  the  aircraft  is  furnishing  its  own  electrical 

d.  Cihe  ground  circuit  for  the  lamp  assemblies  when  the  waming^and  caution  override  switch  is  moved         \        >  ' 
out  of  the  NORM  position. 
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26.  (306)Puring  a  polarity  check  of  a  thermocouple  fire  warning  circuit,  the  polarity  of  the  thermocouples  is 
correct  if  the 

a.  thermocouple  resistapijc  is  minimum. 

b.  meter  deflects  in  a  counterclockwise  directiori; 

c.  thermocouple  leads  are  connected  positive  to  positive  and  negative  to  negative. 

d.  meter  deflects  in  a  clockwise  direction. 

27.  *  (306)  In  thef  hotoelectric  fire  warning  system,  fluctuating  resistance  in  the  photoconductiveifell  serves  to 

'  a .  radiate  current  flow.  c .  produce  the  fire  signal, 

b.  generate  a  low  frequency.  '  d.  vary  inductance  in  the  circuit. 

28.  (307)  In'the  continuous  cable  fire  warning  assembly,  the  cable  is  tested  with  t^he  test  relay  that 

a.  places  a  ground  on  the  cable.  c.  completes  the  loop  to  the  cable. 

b  applies  28  vdc  to  the  cable.  d.  connects  the  thermal  circuit  to  the  cable. 

\  %  ^ 

Chapter  4       .     \  >s.  ^ 


[§.    (3 1 0)  Irtmultiengine  aircraft,  most  all  fuel  system  fire  shutoff  valves  are  of  the 

a.  fioat  control  type.  c .  motor-driven  plug  type. 

b.  solenoid  closing  type.         •  '    d.  motor-dnven  sliding  gate  type.  „ 
# 

30.  (3 1 0)  The  fuel  system  main  tank  boost  pump  switch  is  set  to  close  the  circuit  to  the  green  pressure  check- 
out indicator  light  at  approximately 

a.  4psi.  c.  8psi.  ^ 

b.  6psi.  d.  lOpsi. 

31.  (312)  What  unit  directly  controls  the  fuel  scavenge  pump? 

a.  The  toggle  switch.  c.  The  solenqjd-operatcd.  gate-type  valve.. 

b.  The  float  switch.  d-  The  solenoid-operated,  shuttle-type  valve. 

32.  (3 1 2)  Which  one  of  the  following  events  wUI  not  cause  the  DISCONNECT  light  in  an  air  refueling  system 
to  illuminate?  l  * 

a.  The  mam  fuel  tanks  reac^  full  by  weight.  \ 

b.  A  disconnect  signal  is  sent  from  the  tanker. 

c.  Excessive  fuel  pressure  is  if  the  refuel  cabin  manifold. 

d.  A  break  in  contact  between  the  boom  nozzle  and  the  receptacle. 

33.  (312)  The  purpose  of  the  amber  light  in  the  fuel  scavenge  system  is  to  indicate  that  the 
a  manifold  does  not  contain  fuel.  c.  manifold'contains  fuel.  . 

b.  scavenge  pump  is  not  working.  d.  scavenge  pump  is  working. 

34.  '(310)  The  pump  discharge  pressure  of  ir^iividual  fuel  boost  pumps  is  checked  by 

a.  routing  fuel  to  the  crossfeed  manifold. 

b.  filling  the  main  fuel  tanks  to  capacity.' 

c .  observing  the  amber  fuel  flow  indicator  lights.  ' 

d.  taking  pressure  gage  readings  at  the  control  valves. 

I 
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.  Chapter  5.  -  ^  ' 

35/  (313)  When  the  load  ona  dc  series  starter  motor  is  increased,  the  field  flux  fs 

a .  increased  and  the  motor  speed  is  increased.      c .  decreased  and  the  motor  speed  is  increased. 

b.  increased  ahd  the  niotor  speed  is  decreased.      d.  decreased  and  the  motor  speed  is  decreased. 

J6.    (314)  In  the  pneunwtic  starter  system  employed  on  some  aircraft,  the  device  that  prevents  overpressuri- 
zation  of  the  starter)is  the  ^  .  * 

a.  safety  disc.  '  c.  overrunnmg  clutch. 

b.  pilot  valve.  d.  pressure-relief  squib.    •  ,  ; 

37.    (317)  Under  normal  conditions,  what  switch  turns  the  ignition  off  to  the  fuel^air  starter? 

a .  Starter  switch.  ^   c .  Centrifugal  switch. 

b.  Burner  switch.  d.  Time-delay  switch. 

38*    (317)  To'^fire  the  igniter  plugs  on  jet  engines  using  the  T^N-l  tyi>e  ignition  system,  the  high-voltage  power 
IS  supplied  by 

z .  a  battery,  >   c .  a  dynamotor. 

b.  an  exciter.  ,      d.  high-tension  transformers.  I 

39.  (319)  On  reciprocating  engine  aircraft,  which  power  plant  system  controls  the  flow  of  air  past  the 
cylinders?  ^ 

Cowl  flap  system.  *     c.  Oil  cooler  flap  system^ 

b.  Carburetor  air  door.  #  d.  Centrifugal  pump  system. 

40.  (311i)  When  the  ignition  is  in  the  OFF  position  on  a  reciprocating^ngin*  of  an  aircraft,  the 

a  .Secondary  circuit  is  opened.  '  c .  meshing  switch  is  deenergized. 

b.  primary  coil  is  grounded  out.  d.  igi|ition  switch  circuit  is  opened. 

41 .  (319)  What  electrical  component  provides  the  pilo;<with  full*  control  of  the  cowl  flap  system?  ^ 

a.»Limit  switches.     "    '  v  c.  Cockpit  potentiometer. 

*   b.  Micropositioner.  }  d.  FoUowup  potentiometer.  ' 

42.  (317)  The  test  switch  on  the  nonregulated  jet  engine  ignition  system,  is  used,  to  check  the 

a.  sparking  rate  control  circuit.  c.  functioning 'of  each  igniter  plug, 

b;  air-Stan  and  ground-start  systems.  d.  time  deUy  of  the  air-start  circuit. 

43.  (314)  Dunng  normal  operations,  the  ignition  to  the  fuel-^ir  starter  is  terminated  by  operation  of  the 

a.  burner  sWch.    '  .  c.  time-delay  switch.  ^*  ^ 

b.  starter  switch.  d.  centrifugal  switch.  ,  '  ^ 

44.  (316)  In  a  single-cngme  ignition  systerii,  if  a  ground  exists  in  the  P-lead  between  the  right  magneto  and  the 
ignition  switch,  the 

a.  right  magneto  will  operate,  regardless  of  the  position  of  the  ignition  switch. 

b.  left  magneto  will  not  operate  when  the  ignition  switch  is  in  the  BOTH  position. 

c.  left  magneto  will  operate  when  the  ignition  switch  is  in  the  k  position. 

d.  left  magneto  will  operate  when  the  ignition  switch  is  in  the  L  position.  ^ 
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45.    (319)  The  purpose  of  the  oil  cooler  flap  is  to  control  ijie  ,  ^ 

a.  oil  flow  through  the  cooler.^  c.  air  pressure  in  the  cooler.  ^  ' 

C  ^  b.  air  flow  through  the  cooler.'  d.  oil  pressure  in  the  cooler. 


\ 

\ 


46.    (318)  Where,  in  the  TEN-1  ignition  system,  is  the  energy  that  is  required  to  fire  the  igniter  plug  stored'' 

a.  Capacitors.  c.  Transformers.  ,  ^ 

b.  Choke  coils-.         »  d.  Induction  coils. 

47^   (3 1 9)  What  component  acts  as  a  noise  filter  in  the  oil  cooler  flap  circuit? 

a.  Condenser.  c,  Nfagnetic  brake.   •  ^ 

b.  Actuator  coils.  d.  ^mit  switches.  *  ^ 

48.  (31 4)  The  pressure-rclj^  squib  in  the  cartridge  pneumatic^tarter  provic^s  protection 

a .  against  excessive  turbine  speeds.  \ 

b.  agaipst  excessive  breech  pressure.  ,  / 

c .  preventing  rupture  of  the  pressure-relief  valve.  \ 

d.  preventing  cartridge  gas  from  venting  to  the  exhaust  of  the  starter. 

49.  (3,1 9)  Which  of  the  following  systems  is  intended  to  prevent  detonation  in  a  reciprocating  engine'^  , 

a.  Cowl  flap  system.  '  c.  Water  injection  system. 

b.  Oil  cooler  system.        *  d.  Carburetor^irtemperature  system. 

50.  (314)  If  the  control  relay  on  a  fuel-air  starter  fails  to  ener^ze.  the  most  probable  cause  of  trouble  is 

a.  a -shorted  turbine  centrifugal  switch.^  '  c..  an  open  loVpressure  burner  switch. 

b.  an*>pen  gearbox  centrifugal  switch.  _        ^   d.  a  shorted  high-pressure  burner  switch. 

51 .  .  (31 5)  When  using  the  Prony  brake  to  test  a  starter,  the 

a .  slgrter  jaw  must  be  fully  retracted  before  the  starter  is  operated* 

high  reading  torquemeters  are  used  to  check  actuator.rotation.  % 

c .  starter  jaw  must  be  fully  extended  before  the  startec  is  engaged.  ^ 

d.  maximum  input  vohage  to  the  cofnponent  is  used?  when  checking  no-load  operations. 

52.  (317)  The  dynamoior  used  in  the  nonregulated  TEN-1  ignition  s|^em  consists  of 

a .  an  ac  shunt-woujid  motot  and  dc  generator.      c.  a  dc  shunt-.wound  motor  and  dc  generator. 

b.  an  ac  shunt-wound  motor  and  ac  generator.  '   d.  a  dc  shunt-wound  motor  and  ac  generator. 

*  V 

53.  (314)  In  asmg  cartridge  pneumatic  slartei^,  the  pressure-relief  squib  should  always  be  handled  with 
extreme  care  because  of  its  sensitivity  to  ^  ^  ^ 

a.  pressure.  c.  magnetism. 

b.  electricity.  *  d.  temperature.  ^  / 

54.  (319)  The  ADI  system  on  a  reciprocating  engine  aircraft  is  used 


a.  on  all  power  sellings.  j         c.  only  during  low  power  settings, 

b  during  cruise  power  setliiigs.  '  d.*only^duringhigh  pov^er  settings. 
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'  Chapter  6 

55/  (321)  Certain  exterior  aircraft  lights  are  designed  to  flash  on  and  offin  order  to 
a.  attract  attention.        *  ,    c.  conserve  electrical  power. 

b;  prevent  night  bliodnesk.  d^  indicate  a  distress  condition-.  ^  / 

56.  (321)  When  the  crosswind  landing  light  is  used,  it  is  pointjsd  in  the  same  direction  as  the  • 

a.  aircraft.  '  -       c.  steering  wheel! 

b.  steerablc  wheels.  '  d.  crosswind  Source. 

57.  (322)  What  is  the  function  of  the  autotransformer  in  the  NESA  window  circuit?  * 

a .  Step-down  transformer.     '  '         c .  A  branch  of  the  bridge  control  circuit. 
.    b.  Slep-up  transformer.  d.  A  power  supply  for  the  sensing  circuit. 

58..  (321)  By  .routing  the  control  circuit  through  the  left  main  lalnding  gear  down  limit  switch,  the  landing 
light  is  prevented  from  coming  on  uijtil  the  ^ . 

^  a .  landing  gear  is  locked  down.  c.  aircraft  is  on  the  ground.  / 

b.  landing  geaf  is  up  and  locked.  d.  aircraft  is  on  final  approach.. 

59.  (321)  Circuit  analysis  is  best  performed  by  using 

a.  test  voltmeters.  c.  the  actual  circuit.       /    '         ^  ^ 

b.  a  bl(ick  diagram.  '  .     d.  a  schematic  of  the  circuit. 

60.  (321)  Which  of  the  other  lighting  systems  does  the  circuitry  for  the  taxi  light  pfarallel  throughout? 

a.  4he  headlight  circuit.  ^   '  c.  The  formation  light  circuit, 

'b.  The  landing  light  circuit.     '  "  d.  The  rendezvous  light  circuit. 

61 .  (321)  You  can  tell  (from  the  ground)  whether  a  night-fly ing  aircraft  is  going  away  fr.om  you  or  approaching 
you  by  observing  th»  '  *  ^  ^ 

a.  taxi  lights.         .  '  c.  fuselage  lights. 

b.  rendezvous  lights.  d.  navigation  lights. 


62.    (^321)  Which  type  of  aircraft  is  equipped  with  a  rendezvous  lighting  sy'stem?  * 


a.  TaiTker.  '  c-  Cargo. 

b.  Bomber.  •     d.  Fighter. 


4 


57'j 


